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[0 0 7 2] itz. mtii±mifzmi<ommmmT 

[ 0 0 7 3 ] z<r>Xoizmim-^iim^^:. 

mtimmmx—m^thm^mt:. hi stt* 

-t. ry^'i' 1 6 1 #«^§tlfv:Sm^!!!.ai5 16 2T 

a. fmcommm.^mmn-'t^mLx . 

.wwifsi 6 sizm^Lx. mm-mmmz^ 
immm-fr-fimM-itzm. (ff 

T ) mmm l 6 4 t . M«tt±tSgBS 

wmizWM-$h.ti^r^^ 'J T*ifeT^Mfi.Ma-ci) 
I.. 

[0 0 74] Sft§ii;t>'y^/i';^by-i^{S. 

WcotX 9 7 3 « i (7)r x 7 y 

+f) 16 6-c,. 1 fEj&Mc^aftS^ifc^y-tOkf # 
ixfz >- y -^^ivx I- y - A {± . ^f-t- >- ^vi-S;^; f 

vf*[tilP16 7a. 167b----16 7ntCftfet. 

-y h;?. h y-A*^|. ^(^fif-y h 

^y^;l4S(?)Tn- Fail 6 8a. 16 8b---- 168 
n \>zm. L . y^^/l*i:«.S'Jt=T H LT , =§■ 

i0iii^l6 9a, 1 69b---- 1 69ntC=fi:&. 
[ 0 0 7 5 ] 0 1 4 Si. *ili[alS§ 1 6 6 TVJ?J!iJI'^it± 

fc^-r . z. z xnm t «■ im^<?)i^ y^nivx 
Y U-Mz^M^ titz f'-ty^^fV 1 '-f-r y ^-;^4 

I.. *illlli^l 6 e^W-rSX-f -y^mAl 6 6m 

t=^l^>^iS^ttftS;h.^^yjt?;i'Xhy-A£. is^y 

t^;Vft«^l 6 6 SL-Mf 1 6 6 dc?)40(?)S^{di 

■5 tc-ffi^i S r T\ y ^^/i^ 1 co>-y^;i^x b y - 

i.*5'S¥l 6 6aiC#A>ix. f•■^'y+/^2^?)>'y^>X 

fy-i.*Wi 6 6btc#iijii. f-ry^^^i-Sfo-yy 
*■;^x h y-A«i^ 16 6c fc#A,^i, -f -V y^-;^4 
iOyy^^/L-X h U 16 6 d „ 

[ 0 0 7 6 3 HI 5{i. i<?)3^««WoM^*LJtH 



$fLft 1 S3M=»««oft^*g« LT#fc V y 

^K/t-x b y -AT, -^.mmramxtm^-hfzi^yTr^ 
M±. 4i-^y^^)Vco--yy^^jimMr^fix\-'h. zz 

x\ 1 i^yt^mamz-mmB i & e mf^t^x^^ 

•yi~CO&<^A 6 6mi^lh^kX\ Ml 5<r)B, 
CD, E{c^-tJ:o(-c. ^i-\y:^/i'<Di^ytliUffi^ 

m^tixs^-h^m, 

[0077] zcDXoiz^mmmmLfzztT, le 
mmizmitztitz^ioi-^ y:^!wymm-mL 

x^mtlZ-bi^TH. 

[ 0 0 7 8 ] Jfei-;. *l|BH(^M 5 OSIl«<?5»Si^ . H 1 

6-m2oi^mi-xmmti, ^tmmfMzni^^x 

■t/Uy:fj^(r)^nMi^XTMzmmLtzmtLX 

hn. z (rmxiiz z ± xmm t timmirmmxiomm 
x\ 1 &m^m.zps.im^tiiim(^)miiM(oi-^ 
y^)ii:mM-^iXo^zifzi,(?)Xhi. Mm\ m& 
SiP h nmz^s^wMt ^tih m<^y^t- h . ffs^o^^ 
y^ivtm^^m.xmm-h'^szmm-h . 
[ 0 0 7 9 ] -^m'm-thWz-o\-.xwm- 

hh.ZZXMl ^m^^X-m-k 1 2 8kbps(^k- hiO 

■vy*;L'Ai^M{L§iiTVi&«-^^aiSLT*.D. fSS 
m=:i3{t'&~f:/=^-ryrraP»{i;4kHz (gp-feiyy;}^ 

)V<rf^m^W&1 5 0 1 /4 k H z ) t hXh 

[ 0 0 8 0 ] 01 tM-^'m.mMx-^mtm^k^A. 
fzmxhh. zzxM.. ryn-fimmM^fttz^L 
mm% \ 12X.. i5fjE«e)Misimmt«fi^srsm 

LTs ^-x^-CyFfi^t^t-S, ^^Sfifc^-x 
^s-yFii#ii, ^-vy^;PMFsSI5i 7 3Tmaco^-vy 

fi^^ v/L^^-r y TMisai 1 7 4 \rJm. L , 7 - y X 

^mB.z%m.wz>yif^}vx Y ^}~uz^mh. 

^fc. ^*^itM^7y^'Afiffii-7 vts:Z<n^iV^^ 
^ '}r%mz'm:^£{WMmz-ovx'h. z<n^)v^^ 
^ y rmtm 1 7 4 xmi^fii, „ 
[008 1] ^«$ia/^yy*>x b y-Aiit-y bft 
ajspi 7 5 tfti&L, ?f^fth'>y b^ftait. f-iotttB 

S^ifcb'-y hT-^*T3- KSK 1 7 6 tci^^^ tTr 3 
- F t . T 3- H S^L^^cffl fgb' >y h X h y - A 1 
7 7WfS. 

[0 082] 1117 ii. ^-Ty^-^)m\m\7 s(r)mL 

s?i 8 1 \,z{'kmKhK^x)<.yn%^y- \^x\-i.. n 
fes«±tc 4kHz wmxf-y-^ -r y rj^^A^i-it^As 

2 5 OxiS-m^SiXl.. ic?)Jiii^l 8 1 t#f>fXl>ff 
-tl/^:? 1 8 1 a.kzW&mWfh hMz. Wm 
g^l 8 1 b ^iVLTSgS-itT-fe^i?:?' 1 8 1 afc^^ 
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[0 0 83] C:(73-teL-^'^'l 8 1 acDiUljfi;, JfiHSIl 

8 2tc«mstii) tltfc, ggigs^i 8 3fc± D 1 > y 

rfi/kiO^P^^tO 1/21 c7)[}#f^ ( gp*, - i Tii 1 2 5 

urn ^&%h.fzm-h'^m.md.2\z\m^i\. mt 

IS 1 8 4 tfiffftfeStlS 1 8 5 J: 

19 li^V*';l'£^S:iPtS*?>l/4 (=1/22 ) 

( mh ^ -r Ti4 6 2 . 5 ) )^§it/tS-^*^Mi:^ 

MS:^18 2cDliJ*fi^**, JpSEl8 6t=iffi 

S 1 9 6 S-^/f-L-Cirf 1 9 2 icfffi^l-^ , 
[ 0 0 8 4 } 4^:. Sffji^ 1 8 1 \z%i:oKUm\z^V9 
^18 1 a tSSHffI 1 8 1 b-C-»';K;Hi*}iiL5ia 
«§^X5tm^{±. Ji^^l 8 7ttt*&StLSt*t, 
S^tUill 8 3t=J: "onW^fd-^M^m-m S Tt: 

5±, Sfe{cMS:fll8 8t:Ejt«*&§^il,i:*t, 
0!^ 1 8 9 J: iQ 1 i^yifs)V(ry^m^<T> 1/4 ( = 1 
/22 ) (BP^;;-C'Ji6 2. 5^(8') Sffi^il 

^!fi-^A>as*§ 1 8 8 \z{m ^ ti , mimcommmia 

S^i, ^«ll*«fi-^-^^^SIs 1 9 7 ^^LTSi^ 1 9 
3 tctf feixS , i /:: „ JnSitI 1 s 7 «t±J:#]fl-^;5s, Sum 

§119 0 mm»mhi t ftt. affinjis i s 9 j: 
1 9 8 *:rf ixmf- 1 9 4 

1 9 6, 1 9 7, 1 9 8Tii, ^J- 
hSWML(OmEim%±^l 9 5 a, 19 6a, 
19 7a, 198 eii}^i^<miEimti^^M^tll , ^<D 

[0085];(7)J:-5 Lfv! f-r y^)vmmi 1 7 

3T-«i«s*: .HIS trnm^hx^mt f + 

^i^l 8 Ifclfi^fl^ft^-fc .UTll 8 i J 

fc. >-:f-;k 1 -4 (5D#1^7'^-v ij "/v 4 I ^ / PnirF 

Ti±, ;«ft-^<7)|fr^c7) 1 2 5 .u#'fii 14+ i^^u 
JpMIl 8 7-C2v^tcJpSU^;tc0c*^i)i!iS*i 

I. . spmi 1 8 7 toai* fc UT5±. 7t<r)mm:}-h-^y'^ 

ryTiStJ&n/'2^ tc^r"?. Ell8«?)Bt:Sf-idi=. 
i-^y^}V 1 1 ^~-r /^h/l-S 0^#Bc^^r^^ U T 

%m.sQTm%m^bw.%ifzh'7it.. tmm9o 

0Xlim^fitdmhLX\t. HiBcoctSt-J;-? 



K^l 8 8TMfi§?i3t-a-^J: tT«. HIl Sc^DtS^ 

[0 086] Itt, jg®:||l 8 2<^SiJ^Jfc LTtt, jciO 

■f J: 3 (C f - ^ y *;t^ 2 1 f-v y :t-/P4 B <5D~i?- 

y^-y y TfiStti^^ , i^Maill 8 20,li**^f^ 

\i. ^io\,zm-^\%(>x'mm^htm.Lfz%,<r)t. 

j^Sl 8 4T3iSm-^i:«SL3t*)(50fc*5^jS?a 

Mc||lB6-djp^^ix^:ffl^tLTi±, HI 8*0 
F J: 5 1 , f-^ y 2 (!Oft-^tDl?-y ^ ^ U T^: 
mit^^. MSI^l 8 4T«S:$ii/i«^t \.X\i. a 
1 8!7)Gt^-tJ:dt, -f^y^-zMc^fi^cO-^fr^-t 

[0 087] ic7jJ;'3tcLT^ii^l 9 1 , 19 2, 19 
3, 1 94tft^>fLil'ft^{i. >r.7jfM3tCfcV^TFFT 

OttMT*:>i-Li./A Hl8c^)D, F, Gt^tid 

ic. f-i'y:t^zP2-'4<?)fi^ws. -^v^vYmmff 
miAtix\-^h^Wizf£->x\-^h . iftwtii. ^fis 

i:. f-^yjt'-;i'2tcUfs[Hz). f-vy^'-;i'3fc{S2fs(H 

z), ^^y^f;l'4i=fi:3fs[Hz](?3:^7-fe-/ bM^*** 

^111 9 5, 1 96, 1 9 7, 1 9 8T\ 's'-f-f-XiO 

1, 1 9 2, 19 3, \9A\,zmkfh^-hm^t-t 

mm\iz\t. f-^y.wi. 2i::ii-fs[Hz]. f-^y^f 
/l-StJi- 2fs(Hz3, f-^y.tv'k4 id±- 3fs(Hz)tf0fi 
^^m\.X^-h-k%hZ.t\rJxh. 

[0 088] z.^m&,±. ^^yn-'}V2x\%. mm^ 

1 9 6 a T\ exp{-j 2 ?r U /M x 1 ) ) m^^^ 
±^ i+T . -E-OS^^SSIS 1 9 6 T'S^-t ^ i t Tff 
*)ix^o tfz. ^■ry^^LStlS. ffljEft^H^lffl 9 
7 aX\ exp(-j2jr(i/Mx 2))c?)ft^-^»±S-tT. 

Wf^^S-ft+fll 9 5aT-\ ex 
t J -() U -^)) feS^-ffc+^eX. fWii^S- 
mZl )^ ^ -"fiUi^. *?i>\ IfilEft 

I 7 rM! 5 0 i se Jfl -;f-r y ^^'^iltX 
^Sl 7 3{cA;^lSiiT<.5.yy*>k». i iif cOA^ 

s^LT < s >'yit^/i^;5WifcSfi^;;^yjfC;p^'^*-r 

r^^ilTS-?19 1, 1 9 2, 1 9 3, 1 9 4t#^.il 

m^mmwrnhx-mixm^ t.mi 8<dc . 

D , F , Cffi^miZTR-tl 5 :t7-fe "/ hMm:fl^iL 

mstLmmizt-yxa o . t'coi--^ y^^jimr^-^ 

[0089] ii^i^tcUT. f-^y^^/HlffiMl 7 3 

X'li. ^^^y^-im(^^^^^urmm^K. 
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[0 0 9 0] h^-^T. mi 7iZmLfZ'1-r>^-^ymSi 

■^y:f;i/SKi5i 7 3' tLri>m\ 

^^2 0 1 ai:ji^|l]fi|2 0 1 b*effltT>'y#;l'S'9 

mt^mmifzmt. mM^2 o 2 t ft 

fc. affillS^2 0 3t:i»5lSMB#fS(Ol/2i£O^ 

"itfzim^ BMm 2 0 2 ■!> » mnm 2 0 

s 2 0 2 foajtjii . 2 0 4 izmmmti t ft 
tc. 2 0 5 ^zx 0 1 siiiB#fa<7) 1/4 ( = 1 / 

2 2 ) <^s§raSE§•fr?t^-^t^lS:a52 0 4^^ft^&-r 
l. . 2 0 4 ii. MftRP 2 0 7 tOMPfc j: 0 , SD^ 

miii. mMm2 0 4mM\ii^^. ^112 ost 

ffi^2 06t«*&L. Si^2 0 6*^ibf*S<?)llim;: 
ft*§-t-6 . . 2 0 8 TWIEI--^ * 7 -fe •/ hm 

«{±. Mm2 0 7tJ;l>M»migc^t?.. ^«J; 
■5 m& Lfz ; 1 1'\ 2 0 2 1 MWm 2 0 4 -e^o 
JDi:MaX{5«S:Mo*iJ«32 O ? ('-i: hnmx\ m 

1 7t;:*L/'^f-^>-^-;UMfH3l 7 3Xm^^-vyA^ii 

10 0 91] ttz. mmi^msm-2i^^y^)V<7> 
~ h<r)m-^i}^2-f-f y^^fv^m^t^tiXK-^im^) iz. 

^i-^ y^^)vm^-miti-t li-^y^-!i^iRmb tx 
ii. miim2oiz-nkti-^^y^'i^mw.m\. 7 3" xm 
!&x'%i. IP*., m2 1 i{zn^.tLi9Mm^ {<- 

XAVKfi^l) ^\y9 9 2\ 1 atSglH]l^2 1 1 

b ^ffiffl hx yvw^"^ ft \.fzm>z^ i%% 
m2 1 2mmhbMz. mmmm2 1 stj; m 
wmi<ri 1/21 toBtrais 3 ^m^'kmm. 2 1 2 
i.zm-fi>. mxM2 1 2i4. iipa2 1 smm^zi. 

m.U2 1 2<?)s»^Eii^i*. 

2 1 eX'iBmb<r>m-\,zl 0:t7-fev hS^^^ffXO 

»v^/sa, m2 1 4t«ML. ^i^2 1 4:e'>^>agco 
^<^i, ^t<zm^L fz^bx\ mxM2 1 2i:'<?3iiDWi 



fz2^-?y ^^)V<r>{m<n'^i)^ h \ ^-fK-b-^fic^^^ y % 

[ 0 0 9 2 ] PJi.lf 1 eSfll=«T-cD*y^fEiiil— 
1 2 8kbpsc?)Ji^t , b t LT 6 4kb 

psST-^^^- h t/SV>S5f?SHtCBViT, 8kbpst0j; ^ 

c^s^frasv-b (6 4kbps) i,zn^uz^^y%ivm 

JKSE^ffii- T . 6 4 kbpstO^^P^^^r ^ U Tlf-f h LTM 
[0093] t.ti^ WiZ^^hvs^^t^-^r^~\-\Ji\-^-f3:y 

b\^-ofz^\y-vmiffmwmi-. ai 9 4'«ii»ii2 

04 tagIlIK2 0 5 tCffl^i^tSttJl#SSr^UT;Wc 
#S 1 7 3 coaJ:^3 vy#VH4^ , 2 0 1 //'Wl-ft 

1 / 2 « ( N«3ife t7i«fta#s<^a»: ) m\m 
■ttz.b mwt 5:1. , z.m^ y^i!mm-^n%<n 
m^\mM.<r)mm^z.bm'^x\ z.(rym\-m9.^ 
mr^~y-thm-k{mv~Y\zi.'^x^%iit. =5r 

JS. #m=fcftS5i®*{i. 1/2J (jJiSi!:^* 
^) b^h, 

[ 0 0 9 4 ] ^/fc. i«*)5fic7)J]i?®,T-i±, -t^P^-^-JtiO 
a^^i^^T'ACOflFijTJSI. b Uztfi. Zi7)X-i iz^'M 

im-^iim'^ij^mmcoi-^y^^^urMMLx^iwt 

: Digital Audio Broadcasting) ^cOffiiJO^-X-f 

Sffliflms^-yx^ji^^SfctT, 1^-vy 
^./KDHf y ^ ^ >j r/ift&^ffia-t-&«g* (Dm^m 
t h mxS: < , jSBfco i ^ 1 1 imwm<D^y^ ^ u 

T , ■smrnc^mmmmz-fiz b a^t-^ i> . 

[0095 ] ;*ic, *fg0flto^6«»;o»tjs:, m2 

1 -H2 4 r#BSLTiJfi-ri.. ^mmm^ztoix 
* 9 . 1 &mmxMmcD■i~^-y ^^ii'i:m&mtm 

^Sc, ^<^^a{bSiil.tt,«<^l ^^y^vP^^t^ a-y 
[ 0 0 9 6 ] 02 1 a. *^«O^TiOa€«J3!£^* 

U~J=^i)K Sb^2 2 1 a-2 2 1 nJ:f#^>tLi. tftt, 

l&?2 2 1 pizj^-^ n >■/ hf-^y^-fV-coh'-v hxhV- 
M.m%hiilh{7)b'tl. ^:fc, c:::T1i^t-fn>yh^ 

-Yy^-;i'i^T-3'ttT. fi^m^^fifzmm^m 

^2 2 Ipttt^^l-l., ;tOKftIfS#i?)ffiiC. M 
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^*x7)w«T-^ mummitmthti^cD i d 

^ n y h -f ^ y:^^ii'W\'(Df-\y^^ii' ( f-r y^->v i ~ 

[0 0 9 7] mj'22 1 a-2 2 1 nt^fi^ria^f^ 

m^ijcrta-r ^ y^'-iI2 2 2 a'-2 2 2 ntcftt^L 
mm^^m^zno . n-r ^ yi!'-gP2 2 2 a-2 2 2 n 
#xmS!lOi^y^f/PV>y try^^S2 2 3 a-2 2 3 nt:: 

t-yi^'fS, ^fc. Si^2 2 1 ptC#^>#l.|>AM D-y b 

y ^^7^^o t" -/hxh 'J -M±, iz. Tii iy y 
-y fy^''S2 2 3 P tcEttffiM LT , jlffyy rfl-'k^V 
'yh-y^-'f I., 

[0098] y-^x/kteiJO^' y:m-7 y if y /S2 
2 3a-2 23n, 2 2 3 p t'^^SilTijIfi^^y 
Ei, ?I^llIff& (V/l^Tl^^'^f) 2 24tCfifcS&Li:, 1 

S^co^>y#V^x^u-i.fc^i^-rl,, ^;(^?l^|iiiS2 

2 4T-c0M^jiafli^i4. 13«]tBB2cO^i!0»^fc±3 
V . B 6 1 2 4 1 |a|«<?)*!iSffi^ 

t-i. i fc **t'& ^ . ^L^Eiis 2 2 4 x-u-^mtzmm 

v-y+OH±. v;l/f-^-^yTM!!aaS2 2 5-c-x?5y7' 
y Tft-^ -t S tea ^ff o T . « tifz-?ivf^ y 

[0 0 9 9] ia2 3{i. ^^?)J:af^^^M^.y b^-vy^ 

iv^^ti^^ y^}vimt I fziSrtco. 1 msm<D 

;n — 3 c?) 3 f-v y^-fU^ hyy 4 'v7i-^yn-)Vh. 
lOiO^MO'y Y^'^y^-^iVt^Mithtzmt ixh 
19 . #f - ^ y ^^)vcr)^7'^ ■\' y r ^iiiiitcEa Lxhi> , 
[0100] mz.. zcdx 5 icmimti6im$:mtt 

m&i. m2 2izfpt, Tyr-i~2 3 nmm^tlfz 

«fiMiias2 3 2 xu. fmioimmm^mi^imi 

-xf<.y ¥m^\t. m 1 mmioi-^ y^-~mmm2 

3 3 a 2 3 3 b izmtt h,mi y ^wP-siR 

SE2 3 3 aXn. mm-h hyy^ -y :? i^-^ y ^^^><7)-t 

^^^vrmiKi-mmtm. m2<n^^y^-im 

fXSiJ2 3 3 btli. u -v hi-^y^)V<n-^f^-T U 

rr&mumvfTo , ^^^y^^}vmm2 3 3 

a , 2 3 3b T«jSSilJtlJ-7'^-\' U Tti. ^P.^'Km 
JC-7/l.^=^^yrWiai2 3 4a, 2 34btc:iftt&t. 



7-yxS»l*i;-CJa»tl±i0^f 7'^^ U T*B# 

HfiL<?)^ y h y -Atc^ttt-^MS ^ff 0 , -7 
/Pf-df-^ y rmm2 34a t'#^.iif.:fr^<!o h 5 7 -f 
■y ^'f-^ y ^^^i-co^-y^Kykx h y-i;,i±, i-^y:^-!VA 

[0101] .liT)-^ r?9'i'-f'23 5T1±, /NMn-zhf- 

m&^L. ^<nm.Lfzim.mm^<zm■:s\^x. 
y 4 ^v'^i-^y:^}VX"^mLfzi^yTfs)ummn<nmt 

m.^fiki^yM)vu. f-yh}ifia}SP2 3 6tft 

t^LTS^-ftt'-yb^aajt. ^Ottai§ii;tt>ybT 
-^'tT3-Fa52 3 7t«MLTT3-HL. t3- 
K ^ilf^W f|it:">y b X h y -i. ^ S?- 2 3 8 fctf a . ^ 
fc. A°'fn.yf^-vy:^^;PTgft§ii.7tr-^'tt, 

Ltiv^mmmmmm^zmLx , ^-^r-^^tcs-s- 

[ 0 1 0 2 ] S 1 Rt^H 2 y ^/l^iSfRS! 2 3 3 a 

mf2 3 3 bjj . gi]x(fia2 4 (c*t=t 0 i,zmm^ , 
m-h. mi <^f-^y^;HKSi52 3 3 axii. iffSioia 

iJ|A^^>S^241t#^>^l|.11^t, -fe^^^24 1a 

b imm 24ib»^5ML.^:5^ y^m 0 3i t^aa^ 

ttL^r^lc. «Sai2 4 2tc:ffi*&-tl.fc*t, SMUIII 

2A3[zi^mmm<Di/2' <nmm&^^tzm 
^^m%m 2 4 2 !c«i&-t§ . m%m2A 2 ii. imsb 

2 4 7 WllJWtC ± '9 , SnSMi t; itSJMc^JV rf 

*^j^iiff»ii>ytf 4^tLi> BSTfe § , mMm 2 4 2 foa; 
^jji,. »M-m4 4 m:mimthtMz. m%mwz 
4 5 (c J: D 1 ^i)!it)#iac7) 1 / 4 ( = 1 /2 2 ) immm 

-(t/cfi-^ii^^lSE 2 4 4 fcttJ^t-^ , mm 24 A 

\t . ijpsp 2 4 7 coimt J; 0 , tmm.b 'mm.<^ 
2AA<m%^m. m.mAsx'mmm2Ait!^h 

i'^^titzsEWm:^thLUzX ^iry^v hUm. 

tmm,^fzmz.. ^^2Aei}-^t,mmmm{zm-t 

[0 10 3] trz.m2 >7yr^' y ^^/hkip 2 3 3 b t- 
a. mm>7mm-hW>^2 ^nzni^tLm^^z, ^i- 
■^f25ia.t mmms^ 25 it mm itz-yytM 
^mimimitzimz. mmi2 5 2izim-thtik 
4c, )mm^2 5 3(,zx'oi^mi^coi/2^ mil 
'm^^t:m^im'^m2 5 2izmtti. mM.m2 5 
2 tt. mmm 247 mmiz x 0 , mm t mm 

ii2 5 2<DiiiMi. mnmsAmmmtht^ 

iz. mmmssizxinmmcoi/A ( = 1/ 

2^ ) mmMm^mM^mM.m2 5Ai,zmi- 
^ , mnm 2 5 4 mmw 247 mmuz j; 0 . » 

mxh^. Mn.m2 5Am9-iiiiji. m-m2 5 ix- 
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mmmzim-th. .Z0mmf^itz.ztx\ mm 
U2A1 m\mzmr3\ , is i iof-v- > ^^amwm 2 

3 3a X'li-, HfratT) Vyy 4 -r^i-^y 
am 2 3 3 bTI±. n 7 b^-r y^T'/KTD-tJ-y^^-^ 
[0 104] ;:«Oj:ofc1iJi!4L3tCi:T\ 'Mn-yV-f- 

■tl.0iJ&iSBIt3t*\ fl!i(^itoff^TiMBfl t^rMt isi 

[ 0 1 0 5 ] , i I i -TlMHfl L t#»S;OffM-C- 
lMW14^K"iO«^lHJiL!^:A^ JSPStfiicO 
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Abstract 

PROBLEM TO BE SOLVED: To obtain a communication unit that can realize enhancement of demodulation 
accuracy. 



SOLUTION: The communication unit is configured with an orthogonal code assignment circuit 3 of a 
transmission system that multiplies a prescribed orthogonal code assigned in advance to a communication 
opposite party to a 'symbol of an area to specify the communication opposite party' in a transmission 
frame and with a correlation detection circuit 13 of a reception system that multiplies an orthogonal code 
assigned in advance to its own unit with the 'symbol of an area to specify the communication opposite 
party' in a plurality of data after Fourier transform to detect a correlation and defines the timing having the 
highest correlation as formal symbol timing so as to calculate a correction quantity of a symbol 
synchronization clock from the timing. 
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[0 0 4 5] KIT. ±lB«J;5l^f#]5£§^5-^-<r5^ ^/^ 
[0 0 4 6] Mflf^i ^^b«Mlf|i^!l^4'Sitl!ofc7Y 

>':^f 3 b#3j:u?7^'>':*f3 b tm—<om{sm^h<Dis-^ 

a. *-f, itSte;tS:iaaif|5 2 2?5S. ^SJMtffSi£*i:iS<3l^ 
[004 7] 4 fc, ftii/^'^r n 5/ b S/yiK/l'*^^ 5 'C? 

-TPS' fi^>*Vv^^|3jcL. ^CdK. r eihJc^tifc 
So ^UT. iPff^4 3-Cf4, ^d^f^^;g®mw1g^S:^D 

If-) =tmti-r?>, 

[004 8] mmy-^^ p s' b i^y-^^fv^i^m q -e 

a, 7^->';ff4b*iJ:0!7^'>'.7y4btPI-(DK^Jiy^^ 



|g 8 X'ii. 1 0 ®^ff^*t::BfifBe«?S#tt»^ 

5„ ^LT. i]P^|g4 4-ef4. iii^#il5rtf^(7Mt-^Sr^]P 

T^u-T^y* (=s-^jjfeKfi*fjii.^-r5=p#^7'y*©'g- 

If) $rW:^lt-5„ 
[0049] rcDj;5f-, :^^:fficoj^gg(-*5V^T(4, =S- 
7 ^' V;!f g^t-ft^;!)^ bfl!l^;SSj^ L7t#31/>'-^ n y 
h-y>;K^K?3uyy:*trl5^*Lfcft-§-- i-^^t>t. 

^*i-^^$«;tJj:t (SIR) «r[{0Ji$-^^5- t:4~i-Ct. ^ 

[0 0 5 0] Sfii, ;?p:||JSdJ]g^(^*3V^T}:3:, 

:i?/^#;«5, 6i!S»§g7, 8, 9, 1 0 tgM^4 
1, 4 2i:aff^4 3, 4 4 i«S^l, 2SriiSU-r5) 

0fMffi*cDfemi?^*3 J; !j«€*ais«S'if Kansas 

V ^^: S4 , H /w*fim*3 J: IPP fi v J; 

[0 0 5 1 ] *:||}feco?f^ffi!c^o^^-ctt, S1ffi-§- 
S/!)5|F.j±L. ^©^t::^.^'r5T#u-:/y *<o 

[0 0 5 2] Slfe6oj|gS6i;=*ii/^ri4, 
om±i. o*iico«T&f), Ttijtfi. ^Sfc 

[0 0 5 3] -<DXb\C. ^^*(DJ^M(C*5V^-Cf4. til 
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[00 54] mMffmm. 7. mi It. t-mn i^tj^t)-^:^ 
n^nmffrms^t^hm^^Siim^m^i^-^^^xnm 

[0 0 5 5] ll4^c^D^'^r. 3c, 4 c !±7>f v:ifSfSr 

mf$.'r^y-(>:ffXh^ . 3 3 a, 3 4 a (itBHBe^Tj^H- 
[0 0 5 6] £l.r. ±fBco J; 5 {cfl|;S^ll5 x^^' f/v 

iDmm(omm5tmts:6Wim-'o\^^x(Dyf.m.m*:no. 

-3 (/ ^ r gff Mff 4- ffl ^ -r 5 . o tic , 

[00 5 7] — Sft«-^^S(tl)to fc7 V;^ 4 c 

mm^m-5\^-^xw\mm^(om.mimmm^^mjm>. 

t!c, age^2 6d3, ±IBFJfMff^«jtlS»*a®rKf«t 

^rfSo «^3 2^s. ^^mmnmmt-^h. m 

[00 5 8] ffiH/5g5>Rf^gg3 3 a #7^ 



^m'&m.-^-^m^^-^^'-x. y -^y-i^s cv^x^m-t^ 
mmmfj^mm-r^^m^^-i n ;/ vm^f^y^ y^'^ c ® 

gE2 4ffi^pje«l«#«/feSl^lcS'^v^T, 

■my 4>i!3 co^^mmm^^^^mm. -r^£i^^. ^ 

[0059] rcoj;5f-, :*:Jl;fficoj^8g(-fcV^T(4, Sfi 

ffi-^«;^;*j-T»m;^Jt (sir) aoio^SffWttSr^ t 

[0 0 6 0] 4fc:> ^mm(Dr^mKi6\,^x\i., 

a, 34 a i:«^;gg3 1, 3 2 ^jiJU-T S ^ t i f) . 

o W-^ t fo fc 19 ff fc t:: H/W^^ ft 5 r t ?i < , 
$ft^Sffl1-S. Sa^^-^ni/ ^^>V#V^;iSfE^p-e 

-fiicx'o. :^mi&(ommi^ts'^'xa. --mm^iu/w 
[0 0 6 1 ] sfc, mikmrnsxa^muyj-am^ 

[0 0 6 2] mmmm s . ^jtoff^ffi s 54. 

|fl3* CD+lMl.Jt.^-W-mtl 3 3 aiJitKS 4 a ffi;^«+BP^l3jc 
[0063] :*:^JSOJ^«i(-*5V^-Ctt. StJ 



[0 0 6 4] 

m^m^n^wmti^ (sir) ir^is-ttsct 

fc, gjf1f^;i^b^^^w-7"y *^PtSL, P^3i 
[0 0 6 5] ot'«BPi1(-i:ili4\ Slit-, #/^-r^y 

[0 0 6 6] ot'wMlfKciixi-f. -^y^vn 
l::tiJ± (SIR) fcJ;tt!gjifttt^r$fc!-:fct@i-|pjJ:$ 

[0 0 6 7] of «|6B^iritKi\ ^fctc, #ffilS;7jc5^ 
fi«-r5' ^©fS*, SfwWtttoi^^t^Wih 



[0 0 6 8] o^*cD?SP5(^J;^^^^. #7-i'>':^f (i^tfcm 
^^ffl-rsfcit.. ft^S;tJ>Pt=F^*S:^tt (SIR) 

[0 0 6 9] of©|gp;^(cj;tLff. ^fclc, ^/^-^ny 

[0 0 7 0] or(?DBMt-J;ttf^, #7^v:^f (i^ffim 
/S) ^i^temfg^^^b. te;roz5SEifs LfcJta-'^v » 
s.^it (SIR) t3Xtf^ismt^^h\c±mK\t^±^ 

[0 0 7 1 ] -of to.,^PJ1(ci:^uf. ^ #+g|8l^)c5^ 

[Hi] 4:^g^t:::^^A^5:^-^^' b/vfemS;ffi^«cDSl 
[g|2] b/vfettfcg1^Se(D* 
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[gl4] b/vEttg^ia^tfcoH 
[S5] iigjfeox-i^ ^y^ffifcS^fSSw«J*t^^^-r 
[HI 



1 , 2 liSL^, 3, 3a, 3b, 3c, 4, 4a, 4 
b, 4 c y^>^, 5, 6 *it/NVns/ hv'>'4^/l' 
7, 8, 9, 10 mW^. 2 1, 2 2 « 
Wcmm^. 2 3, 2 4 eWiRH4«SS|5, 2 5, 2 6 

2 7, 2 8 mm^. 3 1, 3 2 
33, 33a. 34, 34a ^BM^^^-fl-:^!!^, 4 1, 

4 2 mm^. 4 3, 4 4 mw^. 
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Translate this text 

PROBLEM TO BE SOLVED: To 
reduce or inhibit the interference of a 
pilot data, and to realize an accurate 
channel estimation having high 
reliability. SOLUTION: A plurality of 
base stations transmitting information 

containing data parts and pilot parts, n 

at least one of which is allocated to ^. ^ 
each cell and which have mutually 'r' - . ! > 
different frequency reusing '"fp i . 

coefficients, are installed. ' i.:, -j™- : 
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mm. 2 ] ±ibt-^'^^- \-<mmmmm, 

[11*313] X„B- )i]i)*«tHfi|fflffi^I± 

9 Tl) I, i r WfS > ^ A J 1 Jfl X' 2 „etfcc^-fe I 

b mmmwmmi. \imh ^ t t«F©> -ti. 
mm, 

[0001] 

[0002] 

li:, afti-Xf A^7)±lfitEi!*:^^^H^i^•f|J•rS•fe/^7 

*g« fcMfrr ^ i'J 0 ST ii>tirzmm mix^^h. 

[0003] Mi^mmmc^j±m^co'i^!i'yMmmm 



lSyS?feic3)-iJi^S (orthogonal frequency divis 
ion multiplex : iilT, OFDMtV'id, ) iyX=fI^ifi 

-> T #^ t ^T- b— b J; I. teMfiats'W^j 
[0 0 04] HSfi, a^<^*|^-fe/P70FDMafti- 

xtA«, Silc^o^^;^Zl , Z2 , Z3 ■ ■ ■ 

<mmmBmt. ^mmmB^t. mjn^jvz^ , z 

2 . Z3 • ■ ■ ^?)^l'f^^AH;ili93T^.^^TMS. 

[(»nn^]PI J iitrft I M urbii^i^xr 

Ai SI - ISlr'i |I|flJC| t I I iin.v reuse fact 

. I ' FFF r ummM 

111-' l-v^^-^ililllliirril lie) II \ teuse distan 

ce) (cBmsLtv^i,. jsmwiJfflm^JtJp-ri) i . 

[0006] )a« WMi^il F R F = ( ( ^JSftitS 

m / {\^Mzm^%xhtifzwmmm ) xt- 
^f^-Y \,znth-^)v%(n'z 

/s>Kf 1 , f 2 , f 3 tMii^arv^i,. ^i.ttt\ ffl 

jS^-tr^^y F f 1 , f2, f 3 ii, Ttl.fiT.OFDM 

#^r;^z, . Z2 , Zgji, 
bf 1 , f 2 , f 3 srfiM-rs, mmthh. I'o^-fe 

/l-Zi , Z2 , Z3rt-C, =S■■^f^^^>^'f 1 , f 2 . f 

<03-ii><r>i-oifzn\^xmm^ti^ (frf=3) . 

J:-3fc. l-OfO-fe;l'-4Ji?)»tftM^. -fe/kcotf^cea 

1 ■-><Dij^(7)mzmt:mi$t^ . 

[0007] ^timcO-fe ^' ^'A.toM^S^T'M'y F<7) 

5 O F D MafivXxAii. «x tf A^ff^sOffM<?)-fe/t- 
Sr^-T'i.^ #AftSo-fe;txZi , Z2 , Z3 (i, 3-9co 
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j^yrti . f2. f ■i<r)=)hni-:>ifWi*)1kX^tL 
h . ^J^i±'-fe;i'Z 1 t;i>(tl>M«t?-7'v<y F f ^ mi 

li:. *^/^(73HfSTiJ^;*■t^2^':?i^fJ 0 ST ^>ixT^-> 

o F D Mail i-x r T1i , -f > , as, 

[0008] 

-fe/i/^OFDMafiv-Xr/Ail. ^Ii{f, *ll#ft^5 
8 6 74 7 8f-tlBi§^t-CV^I>, :?t- 

/P=F^ (co-channel interference) iP0^SriitI1"'i> 
E^c'^^/I'v'aRHI (crthogonalfcialsh functi 

3-fe^^Ji^SHfOffl-^t^'->' (three sector frequen 
cy reuse pattern) liZ'&'iV^XMt'^fl'h-. ^N'^fn^y h 

!^9-y\zmth--mm'^)Vi3'h^y^mi. iMu-y h 
l.-fe/t'. fi]xi*ll3tcijftSZi tcitt-|.Z5 , Ze , 

rs- V <mMzm '9 ST hfikM^cmwm\zn-fh>-^ 
^ n h/t- h iciij 19 ST hfimmx<^)m^hmtf 



F f 1 . f 2 . f 3 *9MiSfi^ , § ^5 *H5 

s-r 4" =!-^/:t^*§ixtiES-fe;t/70FDMixX7^ 

Sf);? ratJ^r;^'5>'XT■ATLA^ttffl 

[ tj n u o ] ™ ^ ■mmt. m.(mm.\zmi~xt£ 
t= J; '^mi'mm^^-smtt^^y^-'ivm.^'mx'^ § 

iMI«:5i-iiJ^S (OFDM) :S^tc»-:J < ftgna^i 
tcfc{tl>-fe;P9afiv':^ri^SV^«0J: ^ '5:-fe;i'7a^l 

[00 10] 

^fiJ^M (OFDM) *j^(-X'>-<«l3ifiti5!tl,-fe 
iVyW&'yXi-KXh'^X. ^^iykz'yti:< h%,\-M\ 
D ST (bii. f-:?^- h t^-?^ P V b i: 

[0 0 11] Sibic, J:ji(?)SW*Slt't-&^:*^ic. * 

m^^z^hwrnmrni.. asiaifeitM'i^M (of 

DM ) ■y)Mzm-i<mmm\zii\^t'z)VTMm'yXT 
uzii\ '-T wm {m-f h 'mkmfHmz av^x.^tv 
y mmyx r^ffi^ivt^xim. s tii^ix .f-f) ^° 

[00 12] z<r>i.o\z. *^Bjtcj;i9r-^yf-h& 

tj^vsM o -y hJ^-Ycrmmmm^fimmmzmL 
LxuMzmm^. mmz^h^tifix'^ . w^^^ 

ifiX%. ^mzl^^ ^i«tt^?)©^^iE^K:^ry^w^^t 

[0013] $ .^ic, ifwrnzim^^ivymmi^^^-T^ 
avtwsEa^fe'i, * hn>hmB.^!Vy o F D mmt 
yxT-j.,. -tt^hh^ mmmiMyXT^Rmmmmm 
yx'Ti.o^A-m\izm-^x ritfj^x^ h , # 

Af*"?. iOi^trJ^^'fe/P^i^Xri.^lSIMafi^/XT 

[0014] T-rS'^t- hcDM»WJffl«i. 
p V b^^- boMsftScSf J: /Jn$ < -tS i: J: 
i\ )5li^ilfiMiic^*t<^l.t, i«am^xr 

uzmhf-^mMmwhii < tc^^iK mm-h^ 
;^^^oTlf mm-ti z b t^x-^ I . mmmmmmt 
^/h?<-tsk. mmm~>X'rM.izmf6'7'-9im 
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[0 0 15] S^>tC. ffiL<5±, T-^'-'^-bcOJUife 
[00 16] 

[0 0 1 73 Hlii, t^W^tMWiLtzOFDU.X^— 

««^B»<S!I0 ^>tlTV^.S , SI 1 t=*f*#:Mt±3 
Cj , C3 ■ • ■ C^tWit^io^z. #-fe;Hc-:3 

[ 0 0 1 8 ] 11 1 T{±, *^Hjtc»-ci'< -fe/p^afis^x 
i,zm-mmMnmf-^f~yk^i-x\-^h. #-fe/i^c 

1 , C2 . Cgfi:. 3-3c;^-ti?:?'{;i^J§^it:i^l.. * 

m^xf-rmtmrhixh .. m i ic.=P-t-H#:CTti±.. 

#-fe;kCi , C2 , CjCDd li:LT/T<SixSlllHfDT 

mco-t i'^^izit.mi (om^m-y^-^y k*^m o ^> 

±fcS^StL^-fe^ d 3 ^^{4m3^0Mlife®:^^■r^^'y Vifi 
fJDlTfeixTt^^. ;ixfe<7)ISl, ^2.at/m3(0ffl 
iSirt7V<y K J; "9 o F D M ^-x-f j^cDtt'fftffl $ix 

^mmMmmm^tLxv^^, i-^. iiHc^-t* 

» 1 cO-fe d 1 tOcf <?)^«Si*^aM iOrtBt-xftS 



mm^Ah. :zzx\ muz^sk-tmrnmrnm^'^f'-y 

(•±. f-f^-^-Y-^mzWAXh^^. t£fl. Hlt^-t 

mmkmmr^f~yi,i. msiz^tmrnmrn^r^f 
-yt\mnmt'ii<^)Thi. Lfj^L-^j:±i^. siitTK 

■t-'^^-yli. r~9^ ^■- h sOjIffiT^^^^. [cMf 1. 1 (OX 

AM n V hJi- h<om:f}(Dmmizmtihoxhb, 

[0019] ^mzm-^<-'Ua^y N^N-^-yfeStt 
I), Il2ii. llltC*1-*S||-fe;l'70FDMafli'XT 
^CDi^XTAtifcftS-feyl-iOfflJtti, ail:* 

tt:<^tmhmmx'$>^, LM^ts^^^^.. r-^y\-b 

fc I; . 3 -JtOjflftS-t 7V '? >■ K 0 *>iO 1 "OfOJl ftiS 
Ci XU. JUa'yh^-<^~~yli. ^T(?)3iI<?J-t^'^' 

icib^r-p-c P 1 1 Lxm-mi<ommm-y^^y 
izxmm^m. ^xcom§^ti-t)i'C2 . c 

mt^^/i^Cs - C5 . C7 {i. S2coffl^ftiI1^y^^> 

b'^«fflLTAMP7h^t-b*iSftt. c, mm-t 
h{m^)VC2 . C4 , C6 i±. ^3<7)iwai:-»f7vs> 

T . / >°'f o 7 h s- f fflW^Mi!feE^tf «^i-f iJ , T- f 

[0020] L*^L^*2^>, ffxmco-t^u^XfTjjam 
-tf7v ^> F coij#it t sat- mmmm^ ^f~y 

I'd. -tjic, coSttftii. HfficoTfflJfc^-t-t^'^'d 

1 izam 1 co)a«»Hf r^y f j: o t- h 
fit. *±fc^-t:^ rS' d2um2mmm-^y^-^y 

VI,zX*)-f~9J'^~ht:mmi. 1^±l,Z7Rt^^'9d3 
izums 0Mm.ry^ ^> F t i T - t- 1- * Jiff 

7VS'y Ft i D^M n ■•/ F A'- F S-Mfttl- . i^O J; 3 
ic, Mi-K-fe^l-C 1 5:t^'C 8c?)J; d n 7 Fy^- F 

cof^Mzm tm^^y^-^y f s: m o i) 2 flco-t/F 

07 F^N-FiOlgj||8#t=i3ttSTa^*^l^t<-(gM3fi 

[ 0 0 2 1 ] ^'nM 07 h^-i^-yiz-oV^Xli, -tflC 1 
»gLTV^|,-fe;Ftt. m25:t/^ll3(5DMMS^:/A'y 
F<?);^^fflV-iTMMn7 Fa-F. -tt'i:5*jXwF^'S' 
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[ 0 0 2 2 ] El 1 mm2\,zmirm^^)Vy OFDM* 

!> . « i. i±\ a 1 ics-r^" ; t- h 'mmmn ^ 
f-yi^z-^v^x'^t.. ±mm%mwnmmm-^7'>^v f 

[0 0 2 3] -S". m2\,Z7^irfUnv Y^^~Y\zn^ 

[00243 f-fri-Ymmmmmmffu 

u^9m'Lmi.mm\x'h d . ztimmmmmim 

i^xT~hm^<mm>.z)btx^Lx^>i.^^. 
[0025] mmt Lxm i mm2 



90FDMafii^Xri.<?)-fe7Hi3SCcj3V^T(i. ±M<n 

x'yt^mmmmmmm.izi:') . imt^^^y^-^ivm. 

mmimammx&i, 

[0026] 

-^yt-Ftyt^D- hy-f-hSr-ttHffg^jMfif SIS 

ti. i^ws^mmmximmm<iEWj:i~^y^^m 

[ 0 0 2 7 ] ;t^\ *?feBg(cS^,ffiffifr3imT1i. * 
Ciit J: 0 . ^-^M n 7 br 

[il2 ] *^0^ic»-JX^:>W5ail> x-rAtOy t a .y 

byi- h i,zmtmMMnm^^9-y<^ym^^-fmx 
[H3 ] «c73•fe>^-7a^i>'^TAi7)7---^'/^•■-^s.^■=' 



[HI] 
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Y-iymmmm 70327 'y^h^-yh 

61 y-- -^y^'-- fi^gt-zPO- 
L'y^'x/t^ ^^7•y>-^^ rbVN'y;?.b' 

K^" 'yjIffSftll 70327 yxho-yh 

61 y-- ^y:?— f ^a-t-zL- {3- 
i^y^'T/u ^syyyy rhVN'yxK 

T^'yoi^— ■fey^'— "? -y h >? 



H-f73i#l9tM 70327 h 7 b 

61 y-- AVf-'r-y^-f-iV 
py:?r/i' f^yw^ r^'>^'y:^^' 

H-^'yjlJfSM 70327 >.a,t-'?n'f 

-? b '\-f ;l/ 7 1' y y .x b -5 — fe 
61 y-- ^y^— ty3-^;K3- 
n :f -feVt-y Y 7 h S 7 b 'Nya. 
py^'T/P ^^77y:J'' TK./'?yxK 
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Abstract: 

PROBLEM TO BE SOLVED: To obtain a correlation output which is immune to frequency changes and is 
excellent in noise-resistant characteristic. 

SOLUTION: In this correlation detector, an inverse spread circuit 10 performs inverse spread digital 
signals ID, QD using spread codes Ci, Cq, a complex conjugate multiplier 60 determines multiplication 
signals IV, QV, averaging circuits 70a and 70b vector-average the multiplication signals IV, QV over 
prescribed symbols, the power value (IX2+QX2) is determined by squarers 80a, 80b and an adder 90, a 
multiplication result {K.(IX2+QX2)} is determined by a coefficient multiplier 100, squarers 30a, 30b 
determine the power value (IW2+QW2) of integral values IW, QW of prescribed symbols together with 
an adder 40, an averaging circuit 50 determines the average value HD of the power value, and an adder 
110 adds the multiplication result {K.(IX2+QX2)} to the average value HD of the power value and outputs 
the result of as the addition a correlation output. 
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Abstract: 

PROBLEM TO BE SOLVED: To efficiently use a spread code for a downlink of a mobile communication 
system using a multi-carrier CDMA system. 

SOLUTION: An information symbol is multiplied by a short code and further multiplied by a long code. 
An information symbol series is copied as many times as symbols equal to the series length of the short 

code by information symbols and arranged on a frequency axis. Then the arranged information symbol 
series on the frequency axis is multiplied by the short code. Further, the information symbol series on 
the frequency axis multiplied by the series length N is multiplied by the long code. 
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b $-tt-;:f^iSbiS»«'> 3 - b a- b'^e^'ft«^>>5J^> 
*?iJic» bT o > ^a " K^Sft^rs i i i tfllEtS 

It PiJ -e fg ^ 4: e -r 0 g fg SB t b -C «IM $ * 
?,a>-t°^-^'yD^'*9XNa-F^IE»bfcfB&^f*-C 

flfr|EtelS:'W«^>^#;v^?iJt:i*tb, ny^a-Kt, n 
^-ra- 19 fe^?ijfi®«l/^v'3 - b a- K^^^fc' 
SSIfc??-^-^*^ b, -> H - b a^ Kco^^Ue t ^ bv>ic 

»?r^*J6 5 ^-(D a >- tf ^-i? A a- K t . 

[f»;Ji^l9] W|E^-(©ayif^-^ryt!i/7Aa 

-Kf4, i^mm^mi-thtLmcm^^hh.^x'D^Mm 

mmi^c^mvcm "o-^x hmzy a - b a - kp^iaj©- 

(cfiSU;::* <0 i^-c t.tLf-— n >-i^~a- F» 

[0 0 0 1 ] 



rum. m^mmijm. m^^mijm. mmmm. 

i mmmm^ le-r 5 „ 
[0002] 

^Tcgifet (CDMA) IMT-2 

0 0 0 i mm6i^-wit^W)mm:)j^-^tx. mmr ^ ± 

(DS) -CBMAlS^ (&,T. rw-CDMA::&^j 
[0 0 0 3] :i(DW-CDMA:^S;cr)TD y v^'-c?n> 

[00 04] gi 1 i^, mmmrmmMi^^^y'-^tsi^if:^ 

^m'o '^rlimi^imir ^tzfy(nmr'h^. w-CDM 
A:&5t(4. Ell (a) Ic^-fl-Oi^. 11^35 (DfcftiO 

4 , 1 0 6 ib- j; a? 1 0 8 ^^tb^^tb^/^-f SMUSafi 

[0 0 0 5] — W-CDMA:^sS:i:[Bl«(C IMT- 
2 0 0 0 cDfSMi; L-C*H'?lill$^^fc c d m a 2 O O 
0;^S:fc5V^H=S&*® I S-9 Hi (b) \C7f: 

1-J;5i-. S«^WP«v'^7^A^Simb-Ct;i3, gp 

S 1 1 6^^ftffi1-5- t(-J:i9ny^3-KH'-\'l 
0 2t::*5i/^r*SSffiMl 1 0. 1 1 2*5i;tJfl 1 4a 

S?'£SiS'-r ^V^^VP' h# 0' , #1' , #2' 

[0006] ^tLT, IMT-2000 ^^(O^iilii'ft 

S -CDMA:^S;Jt--7;V=3^::^^ U TCDMA:*-SCtl^o 

5„ -w-^/v^^^i-yrcDMA^^^^T-ii, 



[0 0 0 7] 

mi^'P't-t LTtTt>tbTV^fc„ -^/l-^^^ y r CUM 

A*;t^ct;v^T h . mn^micm r hntcmmm^- 

s-CDMA:frS;t^«r-jb5i^fe;5^^)^fc>b-f, 

[0 0 0 8] Sfc, •?;V^f:¥-^!JTCDMA:5-S:^^!ll 

ii'^f:^s;f-fflv^5»■^t^F3:, w-cDMA;^s:tiRiii 

[0 00 9] ^Oi^'iPpgMlCii^^-C/j^^ix 

ic-=5';'i^^-ryrcDMA:&s:^SlfflLfc*-a't-. ffitfc 

[0 0 10] 

Siffi^ SrliSiJ-r 5 fc ft )fi V ^ 5 - o JJX± (D n >- 3 

[0 0 11] 4;siKfi, j^Baffv'xxAtct; 
if6mm^mmi)^h<Dm-^mii:^mTh'^x. (^) m 

bjgSi^Wt-Sv'g-- h^'-Fi lo(D'ft$&^^>'*VV'^ 
Lfcic J: 19 fc;^V LSffl ^*-r 5 P y :^ - 

^ - SfcltttS: L fctemtf » iy >- Jif ^>}c & 5 x ^/ 

•/t, (c) mmmmm^yy^^/i^Mmt:mm^^y^ 
^vr^m^-xmmt^^^T-'y^t. ^^t^-tim 



-4- 



[0 0 12] Sfc. :^mJivn. mB^'ry-:/ (b) 

[0 0 13] Sfc. :$:»?l5'eii, fifrtan vi^:=r^ Kfiffj 
y (b) ft, ->3-hn-K=Jr^S-r5:^tfcJ:i9, BU 

[0 0 14] Sfc. ^:|&?^-ei±. BflfBD>5^~3-FttHfr 
:/ (b) it. ->3-h3-K5r^^-r5rfc!c:±!3, fl 

[0 0 15] $£,1^. +:|SIKa, ^mm{m'yr-^TM^i6 

it5«ii5-e©ft-^gfs.^s,-e$,o-c, (a) mmmm 

'yyyf^/umm^^is-ri>7^T^yyt. (b) HfltBttS'lf 
J; "9 fcSmcDffiV^^^ a - h 3- K-fc^A/fc-teim^* 

3^ ?|J ^ ^ S tfe b fc * tt « -» '1^' / 1- ^ ?|J ^ * * 

[0 016] tfriaxT's'T' (b) 

* (-iflilSiJt^fiJ i9 T btifc — DlilicDn K(D|A| 
[0 0 17] ^h\c. 4~mmn. »iiim?/:^r Atria 

mm L fctf « y ^ tc M-i t . 



[0 0 18] Sfc, ^:*9lT'fi. mliEtem^Cil, 

[0 0 19] Sfc, *:^|f^-efi. ilfrlBDv^^=t-Kiiilfr 
E1^7"^■Yyr©ici^)ftl/^?^?lm^^L, tfriEte«$is 

tt> v-a-hn-F^^^i-S^ttCi^J, tfilEf-:/:^ 

ha- K»#S=1t«-»5}-0v^??iJSr*fe, v 3- F a- 
F^^^ff «^>^#;v^?lJC0^|^5).(rS t SbT n y^a 
- F5r«»t 5 r i: J; 19 ffllEtetfcIf »^>V5j--;v*JiJ5: 

[0 0 2 0] ^cUPj^T-fi. SfjiED^^T-a-KiiSfr 

tt, iy3-Fa-F^«^1-5r t(rj;^). WIE-9-:/dr 
+ y rroS i ^ LV ^^?rjfi^# UlHlBtlr j^fS1-5 V 3 - 
ha- K»^?^1t«VV:!}?;v^?iJ^5^i6, R#W«-h®S 

V3 - F a - FSS^it«^>^5p^v^?ijco^* rem 

F&ttStlWv' 3 - h 3- F«»--mf« 

iJ' a - F^»^-r 5 ^ J- J; 19 iiiafeK'lf # V' y 
[0 0 2 1] 

tt ^ -^e^t ^i- ^ § f ii- 5 S:^ i o T , 
le'»:^</^5S?lJ^a^tt■5S^tsl5 1 , Mia»'if few 

5H/L'm?iJt;=#L, cv^^aw-Ki, civ^^a-KJ;?) 

»?|Jftro^fiv^v'^ - F a- v^^fufimin^-^^m. 
mmn'y^-^^jv^^^ L -c , mt^m^mwy >r^jv^m 

S: - afijifrtttii: LfcSfrtt|5:'IW«^> V7|?;v^?il ft ?, 

[0 0 2 2] Sfci, >4^MSJ1-e(±. flfiiBjetemsfi. s» 

#J9 ^=i^Te3j-Lfc-ojyJ:cDu>'i/a-F(^rt(0— o3r» 
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[0 0 2 3] ^blc. ^^tyi^z^-^^^ mm 

[0 0 2 4] Sfc. *^SIT'{*. BfjfS^^CO^Vtf^- 

- KS¥co f^^i « t , ^mm 4-rtiy'Ji- S fc a v ^ f> 
[0 0 2 5] tfc. *|6e^T'i±. (frfBO-^^'^-KHtfl 

[0 0 2 6] :^^m-^i-i. mB^y-^='-yi±m 
m^umi'k^i^. mm±<Dmf£ ?>iya-y^- vmm 

[0 0 2 7] :^:xtf^-i?^. mWi 



:/n ^7 A 3- K , |tiiesstit#s/:^d?yv*?ijt' 

» L ^> > d^Vu3??'J * 5 ® ^ « > t:° 

"^^yn^^Ain-^Ki:. l^^-rsCilr^mti-SfS 

[0 0 2 8] Sfc, ;!^lSMTf4, Stria^-roavf a- 
[c^iSUicSiJ 10 mx hiift—oSi~±(D 

[0 0 2 9] 

immffmmomm} hit. mm%»mu ^mm(om 
mmmi^-^^^xnmimm-r^. ^i^. s^T^mm-a 

i/^r, fv^a-brj-Kj tit. lo©'ff«v'>';KyvSr 

[0 0 30] $:^»^{c*^^^T, ftEjU^iifli-ioT 
3-h3v-K) pfOtcDloi, 1 ogi 

±m'omxhnrz^mmtkmn^- (ny^n-K) 
[0 0 3 1 ] ii2(±, $;|lAjf^ffi!c«5-7./i^^^^ y T 

C D M it W ^ttiiift v- X A !C to 1 j- 5 ttftlf-^fU «9 

[0 0 3 2] 112 (a) J^q^-r^J-m, ^ya-b^-K 

3 — h 3— K(^-fe 1/ h (1, **|Sit^ 2 0 4, 20 
6fcJ;tF2 0 8(D±Xi-'tS\^^X^m<Dh<D^^M-f'?>. 
[0 0 3 3] ifc, ci>^'^'=i-KU"t'-t 2 0 Oi::*3V>T 

^mi:^im-r-^mf£-^fth(D-^m<omxxisio. mb"^ 

/i'2 0 4t;=ov^TcI v^^=r— K# OiSr. *|#-t:yP2 0 6 

K# 2 ^^iv^nm^^XX\^^6. 
[0 0 3 4] 112 (b) (i*1-«-ett. ^>3-bn-K 

0 3(ifcV^-cafs;t (^iil^) SrstSUI-Sfcfe 
co-y H - b 3 - Km-b s' b fl. ^-r»Mj»S*JS 2 1 
0, 2 1 2SoJ:D52 1 4(c:dol/^T*il(Dt«^ftfflL.-r 
V^5, n>'^^=i-FU'^-V2 0 2(c:*jv^r, 

IC 2 <|5|-roSJi o fc £0 ^fj 19 ^ T T *D 9 . Sl^ir /V 2 

1 OiCOV'>Tnr>'^/3— F# O:|oj;t>'# 1 

2 1 2i^oV^T# 2*3J;0«# 3^, •||-tyV2 14t'0 
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[0 0 3 5] :icDJ;5K> -^ju^^^V TCDMaIj^ 
- K^^Siffiii l^m y T 5 ' i: J; !:) , tfrlBJt^T** 

[0 0 3 6] r^*ii6jftC*3t^T:^-©J^«iC^;S 
[00 3 7] H 3 ra, *IIJ£Jl^^(^1^5-^7l'9"df ^ y T 

c DMA:fe-^co#i[)aft v^x^coii^^SitSMi-fcv >T 

[0 0 3 8] US w«-ef4. V 3 - h 3 — F05^:?IJ;ft s 

[0039] v^g — h 3— K©3^^II;SS F:^^4 C0#-^, 
N^|SlC0•^^:7>-y ij ri-*5i,^T. N/'SF (=N/4) fi 

[0 0 4 0] N/SF ( = N/4) f@60tt#vV7R>^ 

[004 1] ^tL-C, afe-^btbfc^JKlcttJicolfSw 

[0 0 4 2] TiSo, gl3©«1J-ei±. i/3-h3-K^m 
■if fgv- ^iK/l'^ ■> 3 - N =1- K*3 i tJ« P > ^'' :=r - KCD« 

[0 0 4 3] El3(::^-rtef£#-S-^^^-rs:&&^fflv> 

[0 0 4 4] :itu>ij;D, T/k^dr^ y tcdma:^^ 

[0 0 4 5] B4a, ^^SJF^Iitc^s-^/v'?^^-^' yr 
CDMA:^S;(;D#itiiiftv'-xxA©*||Sia;ii'*3v^r 



[0 0 4 6] 114 (a) a, n^^>/n— K©^JiJ;6L 

(a) ic^-rwcil. NBt(::jM«5^a5J^jgic«±©1f 

[0 0 4 7] 114 (b) fa, nV^3-K£D^^[J;lL;«S 
T^N«5. 5f^, -r*^:>^>L=5. 5NC0 

6^?ijBcDf-ydf^i)r#N/'2*-eici:o-c4t 

i,m^mm±(Difm.iyyyf^/^mm<Tj e j^^us ©f-yd^•Y■ 
y r # n/ 2 + 1 1 ^tiicm < 'If ?g^/:/2}^/^^?lJ 5 

[0 0 4 8] -=r;V9^^^yrCDMA:S^Si:T'il, iSttm 

^^/t-ttSffi ASit^, s t s „ r CD ^ /^^fi£tt^ m « fc 
1?;«3&5„ ll4fc^1-tem^^^S»1-5:&ffi^fflv^:5 

[0 0 4 9] ii5tt, t^mmmmim^'^f^^^'r'JT 
c DM A S'.x X M^(DmBMi&m ^^mi- 

^^■TH-efcs, moiCTf^-tmxn. uy^^-vco-?^ 

[0 0 5 0] g|5 (a) fi, Jl»it*|Bjt::ny^^3-K 

[0 0 5 1 ] 05 (b) fi. MmWJy[^\c2f-^y-f. f 
[0 0 5 2] roi5f-, lll5co^J(^^1-J;5^cl!fem# 

it^£ < . ^r^iiti:^if.j ic^ny^zi- vumn $ fv±mm 
[0 0 5 3] n 6 11, ^iMMi^mim^-^/u^^'f y r 

CDMA:^S;(?)*liaft->;^7"i»(cioV^Tfflv^5 ^ 
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[00 54] me ffjmmmmi-i. itfi ^-^^ ^^-r s 

1 5 o:,^liit)^=' t-- :n 1 6 t , - 

^©^W^2 2 mM^2 2^^f3ffl;^^fL5N|i<DU- 
y Tic I F FT (Inverse Fast Fourier Transfo 
rm) ifcfi I D F T (Inverse Discrete Fourtier Trans 
fonD)^a^1fe-f I FFT (IDFT) m^2 3t. I 
FFT (IDFT) m^2 3(OmM'G I (Guard Inte 
rval) ^WX-r?>G lWKm2 4t>hts:^. 
[0 0 5 5] gl 6 ©ftfSt'Jil/^TiiflT^-^^^^ 1 1 

K^*^ 1 7 1 , i 8 ^^/utz^^ i 0 immm. 

[00 5 6] HI 7 ©SfSSBtt, gfiffi-^+cD-vyspVv 

gjilS^^^bG I ^^*1-?.G m*S5 3 2 t, G 
IIM^*g[!3 2 (Dti^tl i^F FT (Fast Fourier Transfer 
m) ^m^&i- FFT[HlJS3 3t. -^/l-if € S-ff 5 ^ 
■Y^^v^ft^ass 4 >, F FT0S&3 3com;fKc:,*|-Lif ^ 
^^^»S$5 3 4©|li^^^ffrsffi#:crj^S^3 5 

SF5>^jf)n^-rsJn^4 0 iniEll4 0(7>fflA}=M 
tt?ij3E^^s^*-rJttt?ij^i^^4 1 1. iSLmmmm4 1 

©W>'j*afi1-5^-iS?aPSP4 2i, ^-^ailt|S4 
2©W;j^a^LTtt7c^-i^Sr*f!:fe5a^^4 3/!)^b 

[0 0 5 7] H 8 :$immmmi,c^^'^/u-^^^ y t 
-c, H6, mi tmm(Dmj^mmiatm~<Dmmn^^ 

[0 0 5 8] B 8 ©K^ftSeti, m 6 CDffijtW^^^ 2 



2 oMXt> '0\^. 3 - h 3- Fitjggl 1 7 c?j m:^JicM b 

[0 0 5 9] g| 9 CDgfiSgft, |Sl7(D«fie(?)SS^3 
n v^'-^r^ KSr^^-r5-o«^^|g4 4 g - f :n 

[0 0 6 0] H 6 «2l«a^EBf4, HI OlOT^-r^n-^^ 

[0 0 6 1] ^-f, mm^f-^m^^i if)^hAj3^ti 

SI) „ ltflfe??m^$tufcN/SFi@©"»«v'>'/K^PCD 
*?|J W«-'ff « v' 3 f - 1 6 a - h 3 - K 

[0 0 6 2] m^., nmm^\'^^-<h>w.tz.%-(TMm. 

3) „ 

[0 0 6 3] ^(i, nwrn^^Lin^yB-v^-Y-hm^ 

U ^S^2 2-Cn>^'':^^F^5^m^n-C, ^HW'lf 

[0 0 6 4] mC-. nyyf^-Yfm%-^i\fcmm^ 
(D^HCD'ff >if^)Vm\\^ IFFTini^23tGI^ 

ASi5 2 4i^A;^L-c, N^acDf-^=^^yr&wi^5ifts 

-r y rfS^7)s^fccD^-^ y r^fflv^rm^ (^^t^ 

y:/S 5) . 

[0 0 6 5] g|8(D3^flSg<&J^i/^5S^(::i4, xrs' 
T'S 3 t S 4 ASSE-^, ^tLT^-cott^-^-^Vv^^iJt:: 

[0 0 6 6] ll7CDgftgef4> HI 

i~ h tiS-^ V ^-C£^T© J; 5 o 

[0 0 6 7] S-f. v->;PVv^^ 5 -y^'^^n^ 1 -e->- 

:xzR>^'^ ^ (FFT^'-Y 5 ^r?') dS^tti^ti., G 

m*SlS3 2r'GI ^|^*L, #e,*-tfcff^^FFT[a 

1) , ^Lr. f-^^7Pjt€^3 4-i?#f-/^^y T<D 

(XX -^ys 1 2) „ 
[0 0 6 8] m^. ^f-T'^i-y r(^*5H-s=?^-v;tvv^ 



-V^-f7'^-rVrij\^im^L (;^x5/:?'s 1 3) , 

1 5) „ 

[0 0 6 9] m^. ^itm.^mtt^y^^fi'timmm^^ 

[0 0 7 0] El9«gfS^g^Mv^'5^-0-ici±, ;^xs' 
ys 1 3 i s 1 4 d3^-^;^^tr. =f ^.'i-SS)1t«^n- 

[00 7 1] in 6 8 COjSfta^gfc- itJE 7^11 9 to 

?:e*?i;T-*figf s c ^ST:-gr 5, 
[0 0 7 2] {5iJx.il\ @ 4 t:^.1t'rt6i6:f?F^«»^^£Sr/B 

i^fSBf (cr " ^' i*ft !-fiffl-r S n V 3- K ^ ^ * y 

[0 0 7 3] mmc, m 5 -^w^ssi^iB 

h^X<T:>n -y^-^— Y^:f-^ U (ctB'|t$-ti-C#5^ . 7=- 
- K5r^fefig-r 5 fc ft 0 g+Sit ;=< ^ y iH'» § *'C3o 

[0 0 7 4] i^ifc, J:aiUfc^JSJ^tl(^t5(t5i^S11 

c D^-F D if©iaflfe«m:igB«feL-c, ^mmwk 

«f4^!ClB& -/ n 7 A ^ilftiaiS ^^1- L -r - > t:' 

^ - X A ^ > o - K Lfc 9 , s fc \m&wm 

Mi^^'mm^mWihx.xmm^^^^tif^x^Tb. 

[0 0 7 5] *?gP;5f4. iiiiLfc^ftf^liiCPSS 



[0 0 7 6 ] 

J: t) ft LJfl3« ^W-ra n V :n ^ K^fSMT 
[0 0 7 7] Sfcl3V^^n-K^^i5iWlRlfcV7 b$ 

[0 0 7 8] tigoT, ^SSKt-in-tJ, -^^vf^^-^yr 

SoV^-t. mM.'^%^%m=)\m\ l^T 5 n i: ^5T*& 5„ 
«-r5-7/vf-:^-ty tcdma:&S:(c*51/^t, 

[HBwffiWjMftM] 

[Hi] m'mmmm'y^^j>^. m^^mfmn^y-^T 

A©T>3 y y^ (i*5(tS?e5tscoK:«fc??^ffJ«9 ^-c;^ffi& 

[H 2 ] .:2^is§f5cD-iiiifif^^,i.i*itt5-'.'v--/-^-+ y r c 

[0 3] ^;^B;!(0-i^«ffiic*3tt?,-5'/L'^^^y Tc 

[04] :^?SK(D-*JiS?g1it::33H-?>^;V'?^^^yrc 

DMA;^sroSiiia'fiv'>i^At-*3[t5*ills«^-e© 

El. 

[13 5] 4;*K(D-jiffi?i^^icda(ts-7/pf^^^y Tc 
DMA:&S:K)^^»jlffv';^7"Aicj3(tS*il»SaJ3T?<D 

Ho 

[H 6 ] imm<n-%mWMXc^n^^}V^i^^ y TC 

D M K^^^ (ry^WM% -> :^ 7" A t ^ is tt 5 -e cD 

[0 7] 4imm<rj~m&mmicmfi>-^/ui^^^ V T c 
DMA*s:w^i!)ajfv;^7"Aicjo(t5^i!)j^-cwSft 

[las] 7|s^?f!ro-||ftl5^ic:|otj-?)-7/v5^^c-r y rc 

D M A roSiiiajt ~> ;^ 7^ A i c t3 tt § *^s±feB -e CO 
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JP2003504941A 



DATA RATE DETECTION DEVICE AND METHOD FOR A MOBILE COMMUNICATION SYSTEM 



A data rate detecting device detects a data rate for a received signal based on a variation of the energy 
for the respective received signals between the two adjacent intervals upon failure to receive 
information about the data rate, and performs channel decoding of the detected data rate information. 
First, the data rate detecting device divides an interval defined as between a lowest and highest one of a 
plurality of given data rates into m discriminating intervals. Then, the device calculates a difference 
between an average energy of received signals up to an i'th discriminating interval and an average 
energy of received signals for an (i+l)'th discriminating interval, wherein i is an integer is less than m. If 
the difference between the average energies is greater than or equal to a threshold value, the device 
determines that the received signal in the (i+l)'th discriminating interval is transmitted at a data rate 
corresponding to the i'th discriminating interval. 



(i9)H*H#iiFJr (jp) (12) ^ ^ It ^ ^ (A) (immmrn'mm 

i^^2003- 504941 
(P2003- 504941 A) 

(43) B ¥J^15^ 2 H 4 B (2003. 2. 4) 

(51) Into/ m\$m Fi T"Y:-r(##) 

H 0 4 Q 7/38 H04B 7/26 109B 5K022 

HO 4 J 13/00 HO 4 J 13/00 A 5K0 6 7 



(21)[tlg#^ 


!^g2001-509182(P2001-509182) 


(71)WISA 




(86) (22)aiKH 


¥^S12'^7^ 8 B(2000. 7. 8) 






(85)ffliRXMmB 


MS-^S^ 2 B (2001.3.2) 








P CT/KR 0 0/0 0 7 4 0 




i^)V-i; vx^'> 416 




WOO 1/0 0 50 6 7 






(87)aR£^|»B 


¥^S13^1H18BC2001.1. 18) 




±«Sa • ^ 3 H • 463-500 ■ V > 


(31)ffi5felt^36#^ 


1 999/2 832 1 




•)-j^-i^-':/y^>-y-!;s.-}ty-A 


(32)«iteg 


¥^S11¥7^ 8 0(1999.7.8) 




5?;*fXVX'i';U • #201 


(33)«3te«^©B 


mm (KR) 












iZ^^m ■ ^3>^- H - 442-470 ■ 
















> • 973 - 3 








^i!± mm im (^ti6) 











(54) [mom] ^ttaM'>x?Afc*5W-s5^-^'v-h«iais«2ferj5:&te 



(57) 

=^^-i:( i + i)mBK»mm\zW^S:^^^(DW-mx. 

^. iSBI2^>|2WC^^jS1-S5^-^'V-hT?Mia(i 
+ l)#BK5MStfe1T©§«ffi^!0teM$n.5CtSfl| 




^ y u—Yt ©Palo 1 ^(D't—^ h t LTSi^jfetu 

ffriain J; t) $ V ^« i d^t LT. i # g Ei^lSUgS T*(DSftm^©¥*S^^^ 

, tfiE i ssi2^K5gt-*)-jts-r5x-^' h'eBf[iB( i + l)s^l3:3^lsMii*5 
5 K FsS ^ mfi CD K?^ K Pb"] ijNt r . Sfifam S ^l!)iam^/.x x A 
KFfl *; (t 5 ;u=sf^- 1 <D FbI « ^i'tj'-W trftSi- ^, i;^;/!.^?'^. ^ ^ 

;^i--<;'i'(A)-t?&6 tt, aV2 t Lr^.*on.6;?^;^Jl3ga«©mIieSe„ 



-2- 



(b) flfriamtl©E:5>[SrEg«5^), S*ril3:^IKrtr!-mi-5SflW^«¥i§^ 



[0 0 0 1] 
[0 0 0 2] 

-m^i^. ff^^>f!l#ag^ (Code Division Multiple Access: IJ^T, "CD 
mji^b^SU, flf^-©^>:cbTiSi5i7"-^'weit?5SBjig;^^ I mt-2 o o OS 

mmMLx^ft^ tiriHiMT-2ooos»-ett, iBi^oHoff^, aiii^, :a 

Ja:^f^iIy v^(UL ; Up link)i:a^t.|SSiJ^?tl5c 
[0 0 0 3] 

-i? U-h (Data Rate) f— lf;^CO«St-^oT-:SB#M, «;^ltflOms 

J^C^r^tH. V^t>^^5, "^'^^^ VKI^" Film (B RD ; Blind Rate Detectio 
[0 0 0 4] 

TgH'Cft, )li::^|ftj:n^ — iTlE{FEC ; Forward Error Correction) ©fcfetifi 
^jA^^^a- K(Convolational Code) ^ffiffl L'CW^^eiil-SJg^i-il^fTS 
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±mmf^-f:5^!^'f—^(f)y'-^\y~h(DM'^ti^R^{R^. R2. Rn}fc 

1^7^— ^i- U- h Ri^l^e.^ — i?t->ff-f ?) f^? tra-^'ft;(Viterbi decoding) Sr^tf 
bfc^, C RC (Cyclic Redundancy Codes) ^^Srii-rSo ^>b%, RJ^>iJ)-r5C 
RCi^:^«fiWi^^fJ'i;#iffi( "good" )T-fe5t, R^^Ri-CfoSlfci^ ^S^^ittc 
R^llRiiiJSS J; 5t^ll^Sff ^ixfcr-^' u-ht L.xWj^^n?> 
„ i^Ltm^Ct), R,f^^t-r6CRCltS©^^;iS^^04«tSI( "bad" 
, SWSIft, ?iCCOx-^fU— hRaST-roiiJUfi^J^CT'-^'lc^fL.-C, f^Cfct, 
T'-iSri'- h ( Rg-R 1) T' If ^ \fm^it^^n LXCRC ^m^t?). Z<Ot^ 
, BRDibf^ro^f) (False alarm)||^W>S*5:SfeibT, gflSgH, C 
RC^SEcDgi^fcjgABKliClf^tfm-S-'fticOfcJdcortlfP^ hy S':?' (metric) 

[0 0 0 5] 

T. BRDtlif^&iitT-r5.J;5t'?fe?)o L-!iib, rcDJ; 5?i:BRDtl)f^5ri?-:4-" 

;n-K(Turbo Code) ^ffiffi LTT=-^5f ^rSji-ram^ti, -^W^Sifffl-rS' 
tnWS,X^£^\ •^-©aftd, -T^II^J-ft^ (Turbo Decoder) t-i. t'^? 
^b^tii^^^i'J > f^^:*'—/-K-rV> 3' — y—/-5— (internal turbo de-interleav 
er) ^-a Az-e^s , > ■5'- U -/^-coS^IIt^"-^ h ^ t a 

^3 3^ tt, lilt ^ —^^m^it<Oijjm^&m(^^ (j tera 
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Kites- 1 2mmcf£i>*^h-<;~h''j. ^^^^c^eoTS^:ggco«^lssr^t^JP:^-f> 

[0 0 0 6] 
[0 0 0 7] 
[0 0 0 8] 
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[0 0 0 9] 
[0 0 10] 

S (Universal Mobile Telecommunication System), CDMA 2 0 0 0 i^^ifOj; 

5 i'i CDMA^.Itiaftv'Ti-r At^Mffl § JxbnSo 

[0 0 11] 

m 1 t , t'-Y 'J 1 i 0 ii. ^ffiffi-^^rx-^ v^'- y - 

'gjll(DTX:Discontinuous Transmission) e'^y htttH^l 2 0(±, Sfiiax-f >- 

ie^-„^ f^ttti^l 5 0(1, 2ocoERg!c*^^t5«•§^t^f^l'*ti- 
^^m-rsc *fiiBx"^'^-i^^ai^i 5 otcioxittiiSiifc^-^'^-bt- 
Mi-S'ffSf*, lusEW-hai^Sl 3 OStJSg^^V^^^^wa^Sl 4 0--^^ft$^L 

?L (puncturing) CD5ifrj§S-efe 5 -y>-5}?;Vjf A (symbol insertion) ^.0^^^ (repet 
ition) CD5ii§S-efo5 -VVsnVVg-g-Csymbol combining) Sri^tf UT L — 
:^^^(Rate matching) $ttfcv->'jKyV^ifife-r5„ =f-t >'-^>'^ffi-§« (channel de 
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coder) 1 4 0 (i, ffifB b^-^^g 1 3 0 ti^ibtH^^H^ l^- V-^^y^y ^tl 
fb^(Convolutional decoder) Sfca^r-:4fa^ft^T'ftia^tl.etL5c tulEU' 

[0 0 12] 

HI 2 Si. mi ts^bfix-^u-f^tti^l 5 0^:lJ:oT;lfT^^^fc2fc*?)|t- 
oTRi, Ra, R3, R4, S0!RsC0J1Iff-T?priE§nfct1K^r5„ ^-IZ^K^^t 

[0 0 13] 

ia2tl, Si^&^roiSmig;45|2:mi~4Tnix-^&iEfltlceiS'r5!i^ EW4 

SfLfcM, DTXf-y httm^l 2 0tDF*3lft;i;^«X.bn/t^^^v7Ti-ltBSn^ 

X bits)^gi*i-.5. ^<nx.o f£^mm^f£mmm^r\ mmmmitmi. ^ft 

«^^:t:7$-t):, ^[gs, mmf^Tlt. AWGN {Additive IVliite Gaussian Noi 
[0 0 14] 



:^mm\m-ox-f-^ i^-h^mta^^iWM&x y)Mci^m\mmTi:t. -^o^ 
vxv-w^iv?>. t> h^mii-^i^^^y h{iSR,*-eS^f Stifcft^^Xit L 

X2=A2X a 2+ 
[0015] 

nf'm-^(DmiBmti w-i^u-ir* l. m ^^5#/±-rs#-^fi= a t i? . d t x © 

^Si"0"i/j:5, a,,S.t>*a2i±. W-U -7 V^^A^icCRayleigh Random V 
ariable)ibr. li*iSl^p (a ,)=2 X a ,X e x p (-a 1^), *fc(ip(a3) = 2 
X a^X e X p (-a2^)^'^-r5„ niS-rJ^n^flAWGN^ V^AS^i: LT, ¥ 
"0" SOt^t!c(Variance)cF = ^'^'rS„ 'bLti, ©jS^J^^ V^yV©|t#5>tS: 

E {X,'-'}=A,'^+ 0^ 
E{X/}=A2-+a^ 
[0 0 16] 

Hu ia^Sliii-^x , ©:n;^yv:¥- E { X 1==} StJfX2i;D3i^;V^-E { X/} 

(^s:3) 

Di=|E{X,2}- E {X3 | = |Ai^-A/| 
[0 0 17] 
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«:^5>IS*D,[4 "0" i^f£?>„ ^ntit:»Jj:iO. y'-^t^^m^tif^'^-'DT: X 
[0 0 18] 

T?t 5 1 . g1tft^®^^vv:¥-co^5>^;i:D^= I E {x,2}-E {x/} | :SS«at- 

fcJti©+5j-?j;r-^'W|^tt-efcS>i/^^.5, S/hr'-^'V— hRi*S3 2 k b p 
sOJ^. 1-4>fc>^>, :^frL 0ms e c ^-A|XPa^-C'e^^$^^fcr-^5'^)3 3 2 

[0 0 19] 

■Iffftii, ^n-^icall setup)cott, X«^;S-i#t!)«'--^W-r5l'^J:'t3>5 T F S 
(Transport Format Set) t B^fm^lfffii: LT, 5^Itl^i::Jj-;t t.n.5'[f fft-Cfe 

h L^t3^ D cDf^-^ j; o -C t < n- DflilrolZPfgjiSSiJ ^ 

-ce>ti.5o itile-#*tv^7'-^^'- hR„t-J;-3-CfiJ?)^-C6.nSI2:Ff5i:(?DS 
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jCt^feK^^JxfcL^v^liSi^JtR-rsr fct;:J;i3. ( i + DSBEHgi^iJotj- 
[0 0 2 0] 

( i + 1 )# S K55(::*5ft Sgftft-S-WT^"^ i^- N ^SlffirSftf^^KtM-rs 

Xi=AiX a^+n^ 
[0 0 2 1] 

fifzim^^X^tU i#g|2Mji>F>(i +l)#g|Sm■£T-gm$J^fcfi^5^Xl 
,iT-fc5i:®S-r5fct, ^Sft'ft-§-t'*l-r§:t^JV=^-E{Xi=}^u:{Xj,i^} 

Di=| E {Xi^}-E {Xi^^^} 1 = 1 Ai^-Ai^_i^| 
[0 0 2 2] 

t^h. Ai''=Ai^i^T'fotVfiDiil "0" iCi^iS. rivtttSfe?), iSBEffi* 
^^^^£V^DTXCD^'g-, 1-/^*3*), Ai^i^=0 'Cfonff, D^K: "A^^" fci'j^S^ 

tMo-c, ^iisesDTx^s^xfctLSPfg, 1-^c^^*,A,,l2=o-e&J^f^, ft?u© 
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[0 0 2 3] 

^15 2, =r^^/V^—^-^^ (.Energy Differentiator) 15 4, RX)^^—^ 
h^^^iOata Kate Decision Block) 15 6 e.«Jt 
[0 0 2 4] 

m 3 l^#,BBi-5 t , 1 5 2 i±, 1 # g KRBST^rogftff^X 

il^*fLT:XJ:^yL.3f^-Ei**4t>, i S g Erff]:?)^ t { i + 1) S S Kil* T-^gltft 

1 5 i#gKFfg*T'©S«$^^^t^f^&Of(i + 1)#@I3:WST«S«§ 
[0 0 2 5] 

[i:i] 



m^6) 

1 Riti 

= = Z^tdk 

^./u^-E {X,^} t . ( i + DS^BERg-r-wa^^/i^df-^E {X,,,^} i:«MT-fe5 

;^j:i:3*>, D,(t, iSS|Srar'COSftft^«M«A^-</K?3 2«A,= >, (i + 
t/iii-Ct S„ ^-iJ' hg«!:^Sl 5 6 ft, tfflEaiJ^yP^Sr-S^^Sg 1 5 4 tio 
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[0 0 2 6] 

m2] 



£{A| 4'=V} = o 



(tS3i^/V'=¥-^Dit0fScDL.*V^'|l (Threshold Value) t ^tt^L-fc^, 

T'-^^W-fi LT^^-f 5„ lufabtvMtttt, *:^:*«(ML ; Maximum Likeli 

Sffifi-^Wi^m;^ v-<^k;5 2 mo^j^^j-e* 5„ bSIBx-^ h 1 5 6 

^mi 3 osLt>'f-^>'-t/^«-^i 4 o^^m^n^. 

[0 0 2 7] 

ia4«. g!Fffi-r5 2o©|g:MT'&?> iSgKMt, (i+l)#g|E:MT'OaWffi 
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[0 0 2 8] 

g| 4 ^#IS-r ?>t. Km (iteration) f 5 fcOfe^Sf 5 2 oCOEPpg;::*^ (t 5 ^ 
[0 0 2 9] 

4 Sfl|E2 oCOEWi'*=(t 53i;^/Vdi:-^;^Di=| E {X^^} -E {X,^i^} 1 1 L 

D-C-fc S ^^^f ijlff-r 5 , ffllE^ :^/w=¥-^D i L ^ 0 Hit A V 2X<0±^V'tm 
CT'&S»^. xrs'y4 0 5T\ T'-^'U—h^fcglgi 5 6i±, i#BEFflt- 

-C?i^1-5„ itfsE?i^$^Lfc7^-i5f bra, liIU:i:^L^tJ;5f-> DTXf^/ 
htt Wgg 1 2 0 , h 13 0, StJSg"^ ly^/^m^-^ 1 4 0 (D^n^tl 

[0 0 3 0] 
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6. :^T'y:f 5 0 BX\ T^-i^r h^^^l 5 6 ft, miEmmXtDy"-^ 
[0 0 3 1] 

V2 J:l9/^$v^tflJClf;^ia.5^^-^. .xx-;/y5 0 5-e. x-^' i 5 

„ .X^ry:/5 0 7T% 6 2ti. < i + l)#g EWi'SSft 5¥ 

Xi^'l^Si LTWJS;D,_,*rH-»Lfc^, ;^7^^y>^5 0 4T% HfllHfljmDi. 
[0 0 3 2] 

[0 0 3 3] 

[|&BJ(^^*] 
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[0 0 3 4] 
[0 0 3 5] 

X'h^o 

[f?^(^m0j] 

1 1 0--'f-i yfi~iJ~/<~ 
i 20-DTXtf5' htttii:^ 
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1 3 vm-^m 

1 5 6-7^-^U"h*)fe^ 



mi] 
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C\2 

6 



-18- 




-19- 



INTERVAL(i) 



tNTERVAL(i+1) 



(401) 



RX SIGNAL Xi = 


=AiX Qi + n 







RX SGNAL X i+i = A i+1 X a f+t +n i+t| 




FIG. 4 
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^ITIAUZATION'N 
1=1, Ra=0 ] 

St 

1ST CALCULATION 
E{X? j 
for ith interval 

2N0 CALCULATION 



502- 




FIG. 5 
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7k^?>tMc^ M±m (X ^ ) tm^m a ) 

2) S*|tiS/hffit«^ (X ^ -X =«) *ti- 

3) ai*mffi6 >«rtb!feL. 

4) a S 6 (D^^Km ^,„,^SrflJ«/^9y-^' t Lr« 



mfifC (n);::JtL-Cn/2+l >in ^ 

1) BfflE#^tfijiI(Xi,X2, -sX, X ) 

2) #^mW;(Xi,X2, ■■■X WIlSX ,„^^,t(D^<D 

imm. (£= I X , -X I ) 



E . — k „_2 £T S E <k <T , k cr S £ CD 

4) SfJt2^POltWtfK^:^xmw„w2,w3, — ff„ (fa 

5) S^fiiEKtiitf(-*<5i;^T, ^EipK/ffiX 
[00 0 1] 

[0 0 0 2] 

[0 0 0 3] ->Eirc0 3"> K^A^ffifflur, 

3tft^Mii$1t5«««^^*n-eib5o !RFl|Bg60-146016 

Wmm^m"^. r/tiyh^^y tyy^-YV yzft<Dm 
!c «fe m tp » B ^ ^ m r ^. ^JtttMir y 1J- ^ ^ l:r 

[0 0 0 4] r^l^Jg^gair^iJ-ii, ±riJmc0m\:: 
[0 0 0 5] 



[0 00 6] :$:«?)3f±. :i 5 Lfc»e#f(-*5(t 6F^M 
[0 0 0 7] 

[iSM«ri?*i-5fci^)ro^g] ^<Dnm\-±. msmic^ 

1) SflIE#^t±JW(Xi,X2, -X „ ) ?!)>fc^^«X „3,„^ 

ft^ffi (X „^ ) i:ft/h« (X ) ^ 

2) S^ffiiS/Hlttro^ (X„,, -X„,, =a) m 
ML. 

3) atmmmb t^imL. 

a > 6 (Dm-^ia-n tx cDt-ex ^^^t^hmn 

-CV^5:*^S^^U-C, S-C/fjBEl) -4) ©.xTs/^Sr 
» <9 ig-f- r. i ^ #ft i 1- ft* » » W ^ ® IJfP 7 ^ 

1) sfiia^-mwwoci.x^, -,x, X,) i)>b¥mt 

2) #^tffiW:(Xi,X2, ■•■x „ ) t^i^mi ^,^^t(Dmo 

mMit (f = I X i -X I ) 

3) #^ffi{t<SrO S £ <ki(j. k^cS £ <k2a, k^aS 
£ cr , — k ^2 a S E <k a , k a S £ CO 

Lw,>w2>w3->w J (DM^i^it^n-^x^jEis^mm 

5) $%immmmcm^i'^r. ii^^f^m^j sr^ 

[0 0 0 8] 
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[00 0 9] fflL, ^i-i^m^^^?>it^(f^7'~^m^h 

* 6!?^C <>tC 5 r i Cfcfcco^M^ISft 5 r fc ;43^ 

m^tift-r^xo^mmmn. ^(D^m^i^mtiDmcit^ 

i'2:tii-£. mm^nfc^-<XcoimK -^rwS^oSSt 

[0 0 i 0] jitr, mmic^-r^m^micm^\>^x. 

[0 0 L i] 

2 b y 3 - V K9 i>. 3 4 j; 9 

mStl. 5fit'V5(Cttf|ffIE±^-:^4/?)ilb»|iItet. ifl 

IH h y 3 - >' F 7 A 3 i 19 b 6 triH- brSjgiate 
§ tL5 iK N A a - >- K 7 7 b wiate t 8 

[0012] ^;uh 6^^Wi^-t?)fz^(D^juh-yyi' 

9f)m&^nrzx3>Vy-^^ 1 Oil, ^'oi-Y h 1 lOT 

mi^mn^tixv^ii, rv-fy-i Yi/^y\-\ 2 ten, 

tL, 1 0;S3|gi 1 cD^;^t-^tf5/f^T'» 

[0 0 13] MIt)**«ffil 9ilT5'7'7W hi/ -¥7 h 
1 2(Z)TSiCH^$tlfc«*2 0 -t^iX3>'[ate 

ttl 8WJi4|S£H#$tlf'«<:2 1 i^***2 
0, 2 1 iCJi^l|-5^«S2 2 i';^>fc»jt$^xTV^S„ 

«$;2 2f;5;. -513*^-^2 3 (Ci 9 IgSl^^xS'? 

A2 4 i if^Jf^-g- 5 #SP 2 5 a a-^LT -^T-^-^" bv'-^'^' 



h 1 'im^^^m^\%-km>ht i^xm^-t^-o^^vyy 

^«-ft««i:UTW[g-|to#;2 St'ij^^tLTV^S^ ffio 
y'^^y\-i^^4~>\^\^(iym'mkm^z.iiV^XW^'^ 
-9'l-6tmm^i^^^t. 9:^A2 4SrifrLT«* 
2 2^5lHlfe#:2 5 t*f::rs/:/7'f H 2©# 

>'13, n>'^^7y^' 1 0^:^M^T'</i^hv'7^9;6S# 

[0014] b e/:7^ 9 ftStrlSnri^*— 2 3 (DIE 

MKifc^^Wi-Sfc^roi^^^tt^-trvU- 2 6 1^:11 2 ic.T^-r 
j:5(c*i-n=aL.r^g;5tLfc**$IS2 7 i:S7¥;a2 8 tSr 

J:T;^[^i^a6t£S^^fc#«C0g^m^ 2 8 a d^^Jte^g 

3t*^r^-4"ft'LTV^2,„ #S)fe*^2 8 aflglt?, 
%(Jmm\^\:h-\L-fz.-m.<m'i^k^ ^ n a y f ^- 

[0 0 15] a.*R^S|l5tg|5 2 7^^t.«7fe«-a^»5 
r i C: J: 19 . a* Rco^fifcm Lfcgjtm^ 2 8 a 

lCit.±mc^mt6. r CD-fe V-f- 2 6 tt|R»«©«iCCD 
>'f- 2 6 i)^b(DU^iiLM.<r>^liiW.a-^4 i'a^iyt'^- 

^^2 s^iEte-ffiiliS^^m^*, *ffi:/3^^«it¥iJS$ti 
tll:ti-r?.o ^ ©^i^m«Hcit«^ 2 9 J; o -Ciiffi $ 
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^^^S., ^fl^^^, ^S.^^ 



^^^^^ ^W^^ ^^A^^]<^ ^o]^. 



'^l^^-^ Ali:^ X^^^^f^^^^(Code Division Multiple Access : CDMA) ^■^<^] ^^^JL <>] C 

DMA ilH^ i^H^ ^-^KSpread Spectrum) 71^^^ ^ ^■^7]'^^]^. 

aelHS, 7l;^1^3l- '^l-^^'HH CDMA Ih^^ f-^l" *>fe ^-t", t^^^S^ Tl^^i n^^Sl^ 

^i, CDMA lU-^^l^ife Ef^l^^^Ctiming)!- ^^£7> 7^#«l-<^ 4 ^B)*>^ 

Hj-ifl Hj-Hjoi ^fl ^-o.^> 7l^<.| sir}. 

t-EJI^l ^SM'A ^}'^SL^-H-'c:. 'Hit 1-^ r.^v4]/^<q oj^ DS(Direct Sequence)- CDMA Al^eflo^ 

^!]5^-'ii'(4A«K ^l-fllJi-f^islSl 7]^<^'f-S.JL, RCS97-164, pp. 51-58, 1999^d 11-i)j ^1 :^fl<?_t£|<^ 51^. 

^St^ «o'-'a€- ^71^^^^ ^-a^ olB] o}-B^,^ o^^^s] j?^<il^H(pilot) •'^]l-(symbol)-i- ^l-i-^H ^ 

?t?t?j| ^ll'S, ^i-^t^t^jm -^ffSK sl3(peak) 7^»S] 4 t}^ 7^ 5^ -^^^S] E^oj^j 7^^^ 5^4. 0^7] 

0]^^$] -tj^ 4^?t?t7j|^5j ?111(*Al^l<a (profile))!- <^l-§-*M, ?^l<^la t'^J^I ^jLtt 

# AjBH^^7l o,^ ^3 ^^^^ ^Vr}. ^1 1 ^^S'^ .-d-i. ^Vii^T^l^t^l ^l<iJ£^E^ 3lrfl efl^# zj^r -^d 
<^H7-i ^il 2 1 E^^^l^JiLj^^E] n-il^S. r l^(Chip) <^l^oi- 411: 

^i-^^?ll^iLi^^i^i altfl e^|'g!: 5>ir ^i^t -ti^tti^. ^. ^1 3^J^ <^l^oi-S ^-att 1^"^^] $]n ^> 
^. 

^ ^^$] ^S-t"^ ^Jr'nSLS.^ r.w(Wide)-CDMA<Hl $X^^^ ^^o]3. ^-^J ^S.'-^^S] 3i 
^^p^iL^f^svs) 7|#'?l-f-iLJl, RCS98-30, pp.41- 48i 1998id 5l)j 7} ,:^l<a-£H SiT"-]-. 

^S^-^-l] 1 #*(slot)l412] 4*1 *H ¥^7R> ^^151 ^7^ :^]^ ^>##JI, 2 # 

S^^Jl- ^1- ^ffsl-e^ir S)sfl ^ ^AV^E^xi<?i HS3^^j f'^flA-i ^^^^oi 3|tfl 

<a N sl^J-^XS Zt^^JL, ^>i?l N ^^1- :^151^ ^H7lS] tH^^i ^-S^tt 

Pn-^^ 7}7^ 

ae^i, ^--^^^ Pn^ M«H eM# ^i^-asj^] <y7fl?l:i!-i£ ^fe ^I'HI "iim^ \i^r ^X^^l- ?^ 

efl<^l3 t^^S] ^d^*U -y,^. 

i£ *7He>ir '^l-^'Hl St^r il-aam'-^i tfl^?!: ^^M. 

447i, 5^5! (packet) 'H) -^i^^sq. ^c] ^^7} '^^^^S. ^^M^l ^l^^S ^^Sjjl 5^1^ ^-f, 'S" 
7Hl7i <d^?t ^S.^^ '?)-'^<Hl^ife -a^^l^^ ^S]7> E)^l ^o}X\ :^^£7> tSl-^rl-:il Sl-fe 

SI ^4. 

4s *>sio_^, <^l*^^d Al7,Bfl6flAii^ ^W^^ 714^45] ^^rfl^^^lS] 131 ^^1 447i 3^1<^l^(fading)<^14#e]7l 
^'^1-<^1 ""^^m^. ^1<^1^^ ^i^i^ 4^ '^Efl^J ^^t^ H>o> ^Al^T^l^ 7j-5L7} Al^>^?l 0.S 

n ^^iL ^S^fe €rfl¥7l7^4 ^4 ^ i3i¥, sflTita*# ^71) ^^^}JL H 
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^"4^^^ «o'-^^ ^^E^^ ^^1-^ -^^l-^^^^sii ^71^51 o.^ T^^^l-'^ o] ^ 

'il 3" '^'A analysis of pilot symbol assisted modulation for Rayleigh fading channels'(J.K. Cavers, IEEE 

Transactions on Vehicular T echnology, pp. 686- 693 vol.40, no.4 Nov 1991)j ^l^i^ -^3^4 

^^S. -^^^ ^H^-i^EKWeiner Filtsr)!: Al-g-^M iL?}# 514. 

31, 'Rayleigh fading compensation for QAM in land mobile radio communications'(S. Sampei and T. Sunaga, 
IEEE Transactions on Vehicular Technology, pp. 137- 147, vol.42, no.2. May 1993)j S-Z^^ ^ 

7}^i(Gauss) Jii>^ 4-S-#<^ ^5]:^ 514. a a]<Hl ^d^ii^t^ ^ 

5l ^m5\jL 514. 

21, Ji^^sJ-5i^ #71 4°1*H ^3#i?l-# '4^4-^ ^^it)i^7l7^4# 431, 4 til<^lEi 

•^^i :^11^££# ^ft-^l^lfe «o^^S 41<y-sl<H 5,i4. ^-f, 4«sl^r ^44^i ^'^>4°i 

^14*> ^PJ4ji, °1 '13a- ■'d^ ^ 44*H 4-g-4'H «J44^ 4^ 

^'^] SI 4. 

^Is: "s^, <^1 'l)'^^ '^'Symbol- aided plus decision- directed reception for PSK/TCM modulation on shadows 
d mobile satellite fading'(G. T. Irvine and P. J. Mclane, IEEE JouranI on Selected Areas on Comunications, pp 
.1289-1299, vol SAC- 10, Dec. 1992)j ^1 7ll Al5l<>| sm. 

514. ^] ^-f, 4<^1*H -J#4#4^4<=^ ^^^7]4^m 4ji, i2.^^^^^4^# 4ji4 4 tl<^lEi 
# 4JI 514 

if: #4, <^1 T'DS/CDMAi 51<H4 ^^^l*!^] ^^<a^-^7l^4 "oH 4 ^^1 Hl(Viterbi) ^S.^ «l7> 

Al ^, 19944 44'l3a-^4^'-si ^?lltfl5l45!t-&4, B-305)j <H1 7H44<H 514. 

115^4 471S1 4<^1*H -^l^^ 4-§-4^ n^d^^i <^l-i-^4 44^ 4^1 ^4^^1 3l4i«rU-^'>1| 

4 44<^1 t4s]i, 5l#^iL^ ^271- ^^^s|:ii sife 4^sls^ ^^14. 

ne^vf, y -it- 4^5! °1 4 1-^4^ i^JJ(format)^^ 4<=^ *4^-^4^ 4¥^4 44 

^4^ ^4^1 414 .^s 4x71- *4^-^^4. ^, 5l^5Z.«:iU-^:i4 ^714 o.^ 44 *H 4^^ tt4Ji 

4fe 4<^1 #4^44 44. 

21, 47121 4^1^H -i3#4 44?b ^Jl-s] <a:i2^# A}.§-*}.b n^^^i 4 t^l^le^ 4^j4 ^ 

a ■'il^^^l i?lS5l<H 4t4i^-5L ?i444. 4^14, <^1¥*4 Al:^,^flt^lAii^ y}^^± ^s] '^^M s\n 4^44^ 
431^ 4S1514 '^^44 7> ^^^^ A^t# i^^44 ^a#4^^ 4*4fe 4^ 4^444 # 
4 



^ 471 21 ^^p^3# 4^431, ±^ -R-^^V ^s^^ U-'S, ^11^^^ D-'S ?J ^4441- ^*4^ 9i 
# 4^4 ^4^S 44. 

^ ii4^^44 ^1 1^ ^4^, 5l14a(RAKE) ^4<H1 <^1^1:^ Sl:ii, 4*43:3) <a^A^i 

4s.^^<^] 7}^-^ ^s^Ajj lU-ig ^ 01^4 ^s^Afl 4^4^ ^444# ^^4^ ^# 
s ?t4. 

5&, ^ ^^^^ Ti4 ^^fll44 ^1 23) ^4^, 4*43:3) 4^^Ji ^Tflai'^) :ii4^£3) aD^^44 7}^?t 44^^ 
l!-^ ^ 4^4 ^H^^4 D-'S^ 4-§-4^ ^4441- ^^4^ 4# ^4^^ 

^h^vt^s] ^ci-s 4^4S3) 444s#4^4 4^44^ 4x^) £^4^4 4s^^si 4<^1^<]#4# 

4fe 4S^^J) S1'H4, 44 4^4^^ 444s# t)^ 4^4s)^ 43:^ S^s)^ 45) ^^1-3) s^<^i 
<^)^4<H 4 4^3) 44 4 # 4 #4^ ^ 1 ^st^J) 4?fl^, 44 ^ 1 ^st^jj ^^61)^) ^0]^^^ 
44 4^'>1) 4^?t 4i ^1- ?J 443) 45) ^^^^ 443) 4<^)*H <^1^44 4 ^^3) 4<^) 
4^ 4 #4^ ^) 2 4s^^-!) 4^)1: S^4fe 4^^^-!) 4^^^ ^)^4fe 4i SI4. ^ «=^4^s s)fe 4^44 4^^ 
61) 3)44, p)5) ^43) 4<^1*B 41-# 4^^V 4s4^-!}# 4<H 4 4s 4^3) 4<^1'?3# 4#43i, n 44 
T=j6i) rtj-e). ^j:6i) 7)^^ 4# ?J 451 *=^Bi4 443) 4<^1*H <^)^4<H 4 4s 4-S-3) 4*^1'^ 
^ 4a) 7^#4fe 4^s, ^S443) ^4S# ^Aj-A)?)^ ^<.) 7>^e^4. 444, 44 ^) 1^ ^444. 
-?-4, 45] -^3^4 44-3) 44*H 4-§-^4 4s4^-!j# 43i, n 4s4^-!}3) ^41- 4-§-44 4a) 44*H 
4#4 4#-i- '^1^^4 4s^Ajj^ ^<.i ji#^o)Ei-^ 4^ '"1)4, 44 41^ '^l 5I<H4, 44 ^ 1 

4S44 4?1H14 4 #4 4<^14i 44 43: <H) 4a* ^iL 41:^, 44 ^1 1 ^^44 471H14 4 #4 
44 4 i 44 44 4^4 S3) 444 s# 444 4^44^ ^44 sj-^r 47114, 44 4 ^s 4<^1^J^14 
^444^14 -^J^^ -^11-44 ¥47>4 4^ 4?fl4, 44 ¥47>a> ^ z)- aj^^ 4^4 ji, t^l<^lEi 
4fe 444 44 4<^1E) 444 43:1- 44^4^ 44i 3)«l) ^4s)£^ 4<^S #4. 44 4^ 4st4 4^ 
i4fe, 4 1 4S44 44'H)4 4 #4 4'^1'^^'Hl 44 ^44 4aL, n ^444214 441- -^47)-4 4ai, rL -^a^- 
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^7^o\] m^J: 9i<^l 7da]5]j7, ^^5] 5,^ #rt. 7^<.l, 7Hta^ -^J^ 7}^ 1311 SI 5,7} 

^A^^'^ <^i-§-*fe ^<^i £i^ ^i- -^^^^-si i^-i-j# jl^^si-s^ ^ ^ 

^^^Afl^ tij^^^ir 51^ ^^Sl-5i# 41-7151 ^S^^-H Hj-Hl6ll o^^^l ^>7l ^1 2^S^ 

^Jl ^Tlfe ^^AH ^t^^ 7iei5l5i^ ^jHSi 7^<^1 ms^y} ^s^-^-si^l 

4-^1 4fe ?^<^1 ^«11, 47^14^ ^^si-5L# ^Hi-'^l^a ^ 514. a^l^, 7^s!-5L4 W 

^ '3ll<.lEl 5^7^14^ ^^^^01 r^Al ii>44^r 7^^11-1^ ^S^-Jli^ ^J45i4 t:^^ ^H>4JI, 144 i?- 

s '3ii<.iEi 4^M4# t:^^ ^t^VAiz] ^ 514. 

<^l-S-^4# S|-tll?t4fe47j<^14, 4T-4 «o^^i aH4, 4>4 4^^5.sl 7^3^^^^ 71^4 ^44fe4x 

^ 4^«J*4 ^x^%^4^^t^^ si 511 4*5H£ *4. ^14 7^<^1 ^ "s^^i^i ^^^4 ^^^^ 4^«i*4 ^ 
x^%^4^^^^1]-4^1 s]n 7j^^ 4^^S51 7^4^5-1- 7^^44 ^^d4^ 4s^l <^l-g-4^ 7>^44. 
^ "i^s^ 4^ ^4^, 4<^1*H ^A^^ 4-g-4<^ 7H4ia^l- ^^^4^r Sl<^7i, --^j ^^i.^! s.^v 

4^ pl5l tel4 4451 4<^1*H ^1^4^ 4<^l*s IJI- 47114, 44 ^^4 4<^1*H <^l-§- 
^4 7M4^^^# 4^ 44^7^ 47ll# it4^ 7ll4^7j 41^# ^11^4^ 4^1 SI4. ^ 4^iis 4^ 7]14^^^ 

£14 ^=^E14 44S1 4-1 *B ^A^^ 44^7^ i -l-§-4^r 4i £]44. ^d^^dS.^ <&^^j^] m'Si^] 
jl^SlS] 44^^^<^1 4^4711 44. 444, 47l 4 2S] 4 ';^ 44. 

44 7)14^^^ 41^^| iH^i, 471 o|el 4e^4 ^4^1 4^1*H '^^^ 45H1 ^l^>4^5l<^ Sl'Hs*^. 
^121 4E14 44^ 4<^1*B -^^t^ 4^3^ 7l44# 4 '^ #444 #4. 

44 7114^^^ 4^11^1 lH 7i, 471 Pi el 4^14 ,^^ 4-1 44 *H IJ^^ 4-5!^l ^^4^ sl^H SI^Hs *4. <^14 7^ 
<^1, Pl2l 4B14 .^i451 4°1*H *4 4514 ^^4^ 4-^ *4t ^ SI 4. 

44 m^^i ai<^4. 44 ^H^^^ 4-7)1^471 42I ^=^^4 445) 4<>1*B ^t4. ^^JS) *4€is 
4^ m<^] ^^s\^ A^m^ ^t«ll4 ^fl^^^# ^<=^S #4. <^14 ^4«^ 
s^Ei #44 44^4 ^5! "11 i^sl^ 4<^1*H S^aii4 ^fl^^:S# ^J'-fl ^fl^^^4 ^^si- 

444 ^ SI 4. 

^ t'^sl 4^ ^4^, 4°1*S -^ll-l- A^^4<^ 7fl^.^-^# ^^4^ 44^^^ ^'^^-ll 51^4, ^^^^ Ml^l 
44-4 <H £44 451^1 .°i4^ 4^1 *m ^^4^ 4ol*H ^l-s? 47114, 471 4^4 4^1 *H 

o]^tH 44^^# 4^ 4?^1* St4^ m^^^ ^1*4^ 314. ^ ^^^^s. 

7fl4^7^ D'^'Hl 514^, ^^^^ 4^51 <H ^^1-51^ 45] 442] 44 *H ^ll^^^i <^1 

-§-4 ^ 5i3i, 44^4x31 '^^^^\ m^^] jim^^ m^^^] 7}^nn ^4. 444, 44 ^ 24 t 

44^ 5i4. 

471 ^114^^^! S1,<H4, 471 olel tBl4 44s] 44*m ^Jl-^ ^^tih 44 4i ^144^ sl<H Sl<Hs 

*4. <^1 «|2l 4514 ^421 4<^1*H -^3^^ ^^7114 x))4 4^1 ^144^ 4-^ *444 *4. 

44 7114^7^ 4^4, 44 ^Isl 4el4 44^1 44*H *^7iH 44 4i 4x4^ sH Sl<^£ 

*4. <^1 44-, «121 4514 ^421 4<^1*H -'^^4 ?^7i)4 44 4^11 4^4^ 4-^ *444 *4. 

471 ^M4^^^1 4lli 4^4, 471 44^^^1 4^11^, 44 «lel 4514 4421 4<^1*H 43#4, ^H^l *4«^S 

^1^1 4€ 4^4 £44fe 4<^1^B St44 7i)4^^# 44^ #4. <^14 ^^<^1, ^^^s) *4«^ 

sii^6ii ^*i-5i^ 44 *H ^11 4^ ^44 

£ t^^ 4-^ ^31^, 4<^i^H -^l-^ Ai-g-^c^ ^114^^^ sfl^^^ ^^'i 5144, ^ ^^^l'^ 

m ^'Hl 4B] ^^^B^4 444 4<^1*B 4^5|<H Slfe Jfl^'-ll ^^s\^ 45] ^^^b^4 444 4<^1*H 
^^4^ 7)1 1 44*H ^1- ^Tfl^, 471 ^^:^<H ^11^ ifl^ i^slfe Pis] -^^^4 444 44*H 
fl^4fe ^1 2 44*H -^l- -^m. 47] 44 *H -^l-^ ^]^^^ ^11^^^^ 4fe ^1)4^^ 47iH- 
if-4fe ^]^4fe S14. ^ ^^^^S. 4^ ^H4^^ ll-'^'HI 3)44, ^4^*^)4 ^4 ^5! S 

*^^4 ^H^ Ml'-l) 4^5)<H i^E)^ Pie] ^44 4<^1*H 4^ S14. 444, ^^m^A^ 

f-^)4 £^s)fe 4s] ^^^4 444 44*B 4^<H) ^^i) ^fl^^^^^ 4fe 5!^^ ^D4^^4 ^^Sl- 

^44^ ^ 314. ^'^l) 47) ^) 24 ^^^^ ^314. 

^ "^'^^ 4§ 4<^)*H 4-§-4<=^ ^D^^*# ^^4^ ^D^^^ S144, 4^4 n^A^] 
sj^ PlB) 44^ 44*H -^l-^ ^^4^ 4°)*H -^l- 4^ 47fl4, 44 ^^4- 4<^)*H 41-^ 

4<^ 4 7fl4^7^# 4fe 4 7114^^ 471)4, 44 4 ^1)4^^^ 44i 44 71144^1- iL44i, a Ji4^21 

-^J#s4tl 4 til<^lEl 4^^^^2i -^J#4 4^;^ 4^ 7> 1H144 4^1 7^ -^1# 44 47114, 44 4 til<^lEl ^^i^i^ 
^d^^ <^144°1 4^44-^ ^144 7^ iL 44 4x 44 4<^1*B -^^^ 4 ^d^^ <^144<^ 7]14^7^^ 
4fe 7114^7^ 47ll# £44^ 44^7^ 7i|^4^r 4-^1 $14. ^ 4^i>-S s]^ 44^7^ 5144, 

4<^1*H -^i^l- <^l-§-4 4 4 7fl4^^^# 4JI, 44i 4<^1*H -^3^ 4 -^J#4 <^l-§-4^ 44^^J# 4 
4<^1 214 44^7^21 7^45L# 44^174 ^ Si4. 444, 44 ^] 22] 444 ^ SI 4. 
471 7114^7^ Sl<^4, 44 4 ^^144 4^^iL 4^ ^4 471)^? 44 4 i^1)<^)tH 47j7^Ti •tjl-<^j 44£'H| 
4€ 7>^4 -?-4# 4J1 7>^4 ^o] 45]# £t^5i #4. '^)4 #4, 7)- t1)oiEi 4:44iL ^As\Sl^] 4€ 7> 
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^^1 -?-<H# ^i^m m^L^ ^H>-^l?l^r 7}^m. 

4>7l HJ-H^^I SI<HAi, 4>7l 7> r^flolEl ^^^il -^^^ ^Tflir 7> i3ll<^lEi ^^^^^^ ^^^^^^ 

J^^^ eU, 4-^1 i?-^^^ ^-1211- S-^niE #4. <^151- 7} S&^^^^S. ^^^^ A 

^1-71 7]fl^^^^ Hj-^i Sl^lAi, ^1-71 7} 1:^1 ol El m^il^ ^S-^^ -^1-71 i^^^^^^^^ 7> 1:^1 El 

--^m ^AS\5l^] 4§ 7>^^1 *fir Jf<^ SlSl# 7^<^1, i^^j^j^X^ 

7} ^^]^ --J^^l 7W^] Sl^, ^m^^^S] ^t^>Al7l ^ 51r:f. 

^ "i^s^ 4^ 4<^1*H ^^^^ .^ri-fi^i- ^7^4^r 3H^^7^ Hj-^<^1 si^i^i, -.Aj 3^51 <Hi iST- 

51^ 4^5] ^tii*4(subcarrier)# #1^4^ ^tij^^ ^^ 4^1 S^, ^l-^l 44^5] ^«i*4 44 i^i-Sl^r 4^5] 

1.^ e]^ 4<^1*H 4^4^ 4<^1*H --J^ #1^ 4?jl4, 44 ^^i^i Ef<.i5H -^J^^ <^l-§-4^ 
Jf-«J*4 44 ^11^^^^^ 4fe ^11^^^ 'a^il^ S^T-4^r ^11^^^^ ^^^^ 4^3-^^ S;14. ^ ^^^S^s. 4fe 
^fl^^^ IJ-'^'^I ^^'^^ 44 i^sl^ 44^3] 45] ^^^Bi^ ^^s] 44 *H 4^431, n 

44^4 4<^1*H -^3## ^iiV^4 44 ^fl^^^# 4^ ^"11 4^11 4^SV=I^4 ^*U-4^ls 4-§-%^ ^ H 

4. 

444 7^<^1 45! 4 ^ 44 -^^ 5fl4 4^1 t^^Sl 4^4 ^^l^l te]^^ -i^Vi^ e^<.15h -^^^^ 44 4^4 

^ 4^£] 4^ 44^ 4#4jS-51 ^44jS-# 4^4 ^44x°1) if-s|fe 4 ^S. 4^£) 4<^1'^^^ ^44 
i44^r 4B^4 ^i451 4°1*H 4 ##4^44 ^#4^ ^s.^^ 4^^4, 44 4<^1*H 4 ##4^ 
4^ 444^4 ^-1^4^ ^"4^^^ ^44 ^h]^ ^44-4 1" ^*4^i;-ll Si4. ^ "i'^^^ 4^ ^444^1 44 

4 44 4 14 4 2$] ^ 44. 

44 4^44 ^4^, 471 4<^1*H -J #4 4 -§-44 4 4s 4^s] E}<.l-j# 4 #4^ 4 i ^^44 44, 44 
4 1 4S4^J14^I4 7^#4 44 4^4 4x^1 4i£4 ^^ja. g 4V7I51 4^1^^ --^44 <^l-g-4^ 4 

A^jf-s] EM-J# 4t-4fe 4 2 ^jS.444# 4fe 444s 4-i5L #4. -1 ^-f, 4 4s 44^1 4-1 -J ^ :ii 
^j45iS 4#4 ^ 44. 444, Ji-I345i^ ^1143 44 ^4<^1 444 ^4-444 444 ^ 44. 
471 44^13 ^44, 471 ^44^'>11 i444 44*B -^^44 ^444 4<^l*m 1^4 ^444, 44 ^44 
4<^14H --J 44 <^l-g-4<^ 44^7^4 44 44^7jj|i.^ ^i. ^^ji>.s 4<^5L #4. <^1 4-?- 4*4x£l 444 i 
47liai<^l Ji 13 4^51 ^^fl4^7^<>l 444 ^4441- 4^ 5;14. 

471 4-4^1) ^4^, 471 ^^44 4<^mB 4-g-44 4 ^114^134 44 4 47l 4 44^7^^o, ^ 

4i 44 444-^-i- i44Ji, Ji4?-5l ^i^^^e] 7> ciio|ei 4444 4 ^1-IeI 4^ 

^iS- --^4 -r<§44, 471 4 n<^m 4^^7^iL -^l^t 4-g-44 4^444 4714 -^^44 44431, 47l 4^1 

--J 44 <^l-g-4<H ^m^'^i 4 44 f-7^4t 44 44iLS 4 4^ 44. 
44 4<^14B 4^4 4444, 44 4444<H1 i4sl4 44^1 44*44 4444 44*4 4444, 44 44^ 
s] 44*4 44 i444 44^21 olel tel4 ^4^1 44 4H 1J44 #1444 4<^14H -^l^ 4444 4ji, 44 
44^7^44 471 44-21 i^oi^^ -'o^^ <^l-g-4<H 44*4 44 44^1^4 44 47^4 4 * 44. 
4 4^151 4§ 47^4 4#4S^ 444S# Ti^Ai ^Aj^qi^ -^AjAj^ofl ^i^s]^ 4 .^^ ^.^^ 4<^l"j4 7^* 
44 4s4^^4 44 ^444^1 S;i44, 44 444^2] 444s# 4^4 *444 4x^1 i444 ^lel 
4 4451 4<^14S ■'i]44 <^l-§-44 4 4s 4^2] E}oi,.j^ 7^#44 4 1 4s4444, 471 ^1 1 4s444i 
7i 7^#^ ^oi^joii xij:<Hi 4^4 ^iL 4# ^ 44 ^=^^^4 44£] 4<^1*H ^Jlr# <^l-g-4'^ 4 

4s 444# ^#4^ 4 2 ^s^^-!i^# i^Hl4 ^444# :^^4^i:-ll Si4. ^ 'ir'^^s s]^ ^444 
i ^44 44 1^ 44# =r Si4. 

^ ^^^^ 4-^ ^4^, 4<^1*H -^l-^ Ai-§-^<^ ^fl4^^^ ^^4fe ^fl4^^^ 4fe ^444 i Si 4, 4^4 
211 ^''11 ^^1-51^ 45] ^iB^4 444 4<^1*H 41-# ^1^4^ 4<^1*H 4# 44 4^4 44 *H ^Jl- 

# <^1^4<H ^11 ^^4 # 4^ ^11 ^^4^1- ^4441- ^*4^i=-ll Si4. ^ ^^^^s. l-444^ 44 
4 44 ^1 24 ^41: ^ m. 

^ ^^^^ 4^ ^4^, 4<^1*H -^l-l- ^44^ ^fl4^4# 4fe ^444*^1 Si<^4, 

4 ^fl^ Mli 4^51<H i^s)^ Pie] 44^ 445H ^1^4^ 44*H ^1- 4^^4, 44 ^^4 
44 *H -^l-^ 4-1-44 ^114^^^ 4^ ^11 4^^ ^444* 4^^^n ^4. ^ ^^^^s. slfe ^ 
^^T-^l^ii sje^ig ^1-71 ^1 23) ^41: 4^ Si4. 

^ t'^^ 4§ ^4^, 4<^1*H 4-§-44 ^fl^^*# ^44^ ^fl^^4# 4^ ^444i Si<H4, ?J 
*^44 sfl^ 4^si<^ i^sife e] ^44 ^'^l^B 4^^ fl^4^ ^1 1 4<^1*B 4t ^^^4, 

471 444 44 44 S444 p|b) 4b14 44 *B -^j^l- 4444 4 2 4<^14B -^l^ 4444, 4^1 
444 4<^14B 7j^# <^l-§-4^ 44^134 44 44^7j ^^y^j- ^4i^>^i# ^l^^^^rtil 44. 4 4^i?-S 
44 4444 <^1 ^44 44 4 2^ 444 44 1 4 44. 

4 4^£1 4^ 444, 4<^14H --J 44 4-§-4'^ 444^4 ^7^44 44^7^4 44 ^444 'HI 4°14, 44 
45!i a444 pl5] 4el4 ^4^^ 4<^14H 7j## ^444 4<^14B 4444, 44 444 4<^14H 
4 <^l-§-4°i 4 44^7^4 44 4 44^444, 4?] 4 7|j4^7^si 44i 44 444^4 Ji443i, a Ji4^ 
^ ^^iL 4 1^1144 ^^^ji 44# 4444 4 ^^^S. -^j^ 4444, 44 4 i>il<^1^^1 47^7^ 

i ^1-4 4-§-44 4a 4-g-4 7)144 4^ ^1-4 44431, ^4 44*B -^1- ^ ^ii 4^4 '^144*1 ^fl^-i- 
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^ "i^s^ 4^ 4<^i*h ^^^^ ^^-g-^-^ ^n^^a^^ ^^^^^ m^^^^ ^^j^i-^hi $x^^^. 

a^Sl^r fl^^fe ^tiJ:*3^ ^^Jf^l-, 4>7l ^^9\ i^vs^i^ PjEl te]^ 

^1 1 -t^^l^l^i 45^ 'jV7l ^1 1 ^H^^:-^ Tl^Ai 7l^*V 

^^^i ^1 2 ^s^j--^ ^^#=1 E}<i|^j6ii ^1 1 ^m^^i -^m ?]m ^a^i 

7l^*V --J^ ^ --J^^ <^l-g-5M ^^^^ ^fl^d^^^# ^1 2 Sjfl^^^^ ^7^1# ^^JL, 

2 ^1^^^^ ^7^1# ^ttt^fJi ^1em tij.4#<H ^^^^Jj ^ ^fl^^^i3# 7.^3^ ^fe ^4l^>Al6fl 

^ 514. ^ ^^^'^iLS slfe ^ ^J ^>:^1 i ^1-71 ^1 1 ^ ^1 2£] ^-^^ t ^ SI 4. 

^>7l 4<^1*H '^i^-^, 4>7l ^-AJ-AJ^J21 n^^^ *^^<H ^fl^ ^fli^l ^s^^HSi itsl^ #4. ^1-71 
mi^^A ^flsi 3i<H5i 4^51<H SI<HS *4. 

^1-71^ 4^1ir 1^1 ^ Sfl^ 31<HS tt^i itS|<H SIfe PlB) ^^v^^ ^^>3] 3^<^1^ 

H ^ <^1^*H ^s.^^ m^^^ ^s^^Jj.^fl^^^ ^Hl^v 

^>^1^| iSI^Ai- ^^^v - 5jr:|.. ^ nVT^o^ ^^^?]^\ $\m ^71 Tfl 1 ^ Tfl 231 ^^5] 3^^^- ^ 

^Jt^^Sl4. 

^>7l 4<^1*H -^i^^, 4>7l ^-^l-Aj^iil mi^^A ^fl^ *V^i ^t4<H *4. 21, ^ 

^J^>^1^ 41-71 ?1*4^ ?1« ^^1- C-l ^Uls^JL, 4>7l ^S^^J].^fl^^^i3 ^fl^^^^ ^^1 ^S. 

5]^^^^-^^^ °4 4<^1*H 43 4-g-4<^ ^^^^Ji# ^V] ^^^^-^i4 ?3#« 4<^l^Ji 44 -^V] ^ft 
13 a. -J^ ^ 4<^1*H -^J^^ A^-g-s^.^ sfl^ ^?t4Ji t>4*H ^^^^-^i 

^ .^H-4^'^j# .:^fl?34^s. 4^ ¥'^<^iL^ 4<H:£ #4. 

^ t^£3 C-l 4S ^ <.l«^5j 7l#Slfe ^^<H) ^^s] ^ 



5i 2^ ^^J4-123 i 1 a 'li^ 45) •i'^^^ *l-£44. 

£ 3^ ^^J aI-]*! i 1 a Mii Si^4 ^S^^-!|-¥-5) ^1 1 -^^1^^153 ^-^j^ 44^-13^ #^£<^34. 
£ 4ir .fl 1 y ^ic^loil ^^E|-x!jJ^o| ^1 2-aAlo,|^ ^^j^ 44^-33^ #^£<^34. 

5i ^^J4-3^ i 1 a '3 51,^4 ^^4^-!jJf4 ^1 3 -iAHlsi 44^33^ #^5i<^34. 
£ 6^ ^^J 13-353 i 1 a Mii SI^4 ^S-g-^JjJf^l ^1 4^Ai^H331 44^^3fe 1-^S<^34. 
£ 7^ SAi^^vvl53 i 1 a Mii SI^4 ^S-g-^^^l ^1 5^ah133 ^aj# 44^-33^ #^£<^34. 
S 8^ ^^J13-3S3 i 1 a ^3ii 5J,^4 ^^-§-^^^4 ^1 6^aA3is3 ^ 44^33^ #^5i<^34. 
£ 9fe 53^^-4x4^ t33 443 4^4?^H3t ^44 ^-^^^ 44^fe 1:^:£<^34. 
£ 10^ ^444^3 4 1 4-^3-33-31 5i<H4 ^^^44^4 ^1 7 €4i4 ^-^M 44i^3fe l-^£44. 
£11^^444^3 4 1 4^3-33-33 5i<H4 st]^^i3J?-4 ^fl i ^Ai^fl^] 44M1^ l-^£44. 
£ 12^ 4°3*B 43#<^3 4<a4 45^4 44^^ S<^14. 
£ 13^ 4<^1*B -^^4 ^i-<a€ ^?^4 4^ 44^3^ £44. 

£ 14^ ^4^4^ ^ 1 6,1^41 ^fl^^^^4 2 -^4^4 44M1^ l-^s44. 
s 15^ 4<^1*H -^#4 ^-a^ 4§ 44^^ s44. 
£ 16^ 4<^1*B -^^4 ^^"U^ ^?!4 4^ 44^3^ £44. 

£ 17^ ^4^431 ^ 1 6,1611 5;i<HAi sfl^^:i^4 :i 3 €4i4 44M1^ l-^£44. 
£ 18^ 4<^1*H -^#4 S115J51 4^ 44^^ £44. 
£ 19^ 4<^1*B 4^4 ^^^^ ^5! 4 4^ 44^3^ £44. 

£ 20^ ^44-4^ ^ 1 ^AHl'Hl s;i44 sfl^^^i^^ ^ 4 -^4^4 44M1^ l-^£44. 
£ 21^ ^444^1 ^ 1 4AHH1 S144 sH^^^^4 ^ 5 44^4 44M1^ l-^£44. 
£ 22fe ^444^ ^1 1 €AHH1 S144 m^^^^^ 4 6 44-114 44i^3fe l-^£44. 
£ 23^ ^444^ 4 1 4aH1^1 5;i44 ^134^4^4 4 7 44^^14 i^4# 44M1^ l-^£44. 
£24^^444^ 4 1 4AHH1 5144 ^114^4^4 4 8 44^^14 i^4# 44M1^ l-^£44. 
£25^f-444^ 4 1 4AH1-11 5144 sil4^4Jf-4 4 9 44-114 44^^^ #^£44. 
£26^^444^ 4 1 4AHH1 5144 ^114^4^4 4 io4aH14 44^^ 1-^£<^14. 
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^1*1-, ^ ^'^^S s^fe ^i^^^^ Ho*-^, sHM^^ i^i-u^ ?i f-^l^i-^is] 4 ^i-^Hm 5L^4 ^Ml €^?t4. 

£ 1^ ^ "^^'liS sife ^^4^1^ ^1 1 a 7ii3t3i L+E}i^lir 1-^5L<^14. ^44^1 1^ tfl4 £4 4 

4^^^-?- A(120), ^^t'J^-f- B(130), 44-?-3: 4^)(Replica) ^5^^^(116), efl<^la(RAKE) ^7l(Finge 
r) sli^OlO- 1-110-3), efl<^la 4'J^(140), ^7] t-Jf(1 41), 7MSJf(i42), i^^^^ ^^X^f (143- 1), i^^^^^ 
^^4^(143- 2) 4 i^^l(50)j?. S,i4. 4#^jS-£] 444S# 4^4, S^l* ^3^^=^ ^Him, ^s^, 
44s:i/'=l^ll(A/D) 44^4 ^112. el ¥4 ^^4 ^44^ t^44x^ A(120), B(130) % 

efl<^la(RAKE) ^71 (Finger) s|S(110- 1 ~110 3)<H| '^l?^^^ 

^i£4^4 A(120)fe tfl3t Ai^7> ^^S]ir ^471(121), 444s 4^1 ^S^J4(122), Hi£4^a ^5-^^4(12 
3) 4 ^S4'^-!]4 A(120)J5] ^S^j4-^ ^S-aaiJf(124)S SI4. 447MS, ^S4'^-!]4 B(130)ir tfl4 

444^7> ^^sl^r ^471(131), 444:^ 44 444(132), Sig-4^J ^^-^§4(133) 4 ^i^4'^^4 B(130)S] 
^5-^^44 ^ig.4s]4(i34)jS. Si4. ^J£"!h44 A(120) 4 ^ig-?|-^J]4 B(130)S1 #^4 ^1'?!^1<^4(117 
)1-^*H efl<^l3^.7i 51^(110-1 -110- 3)^ 4^44. 

5fl<^la^7l 3)^(110-1 -110 3)4 ^-^4 4''^# 7l-^li, £fl<^la^>l s) 5.(1 io 1)4 tfl 4 44447} 

7;l<a:^^5l4(112-1), 4471(114-1), -2ri4''"^4 A(20- 1), 44^^^4 B(30-1) 4 3H\ii^^iL4)-Jf (216-1)5 Sj^l 

S:i4. efl<^la^^>| 5l5(iioi-iio-3)S| #3^4, sn^ta-g-a. 44(21^ 1-216- 3)(2i 6- 14 44^)54^-1 efl^la 
4^J4(i40)i 4^s]<H 4^^s]ji, ^7l^j44(i4i)i 4^44. ^7l7^5}^(i4i)5.4t^l4 7.^4#^<^1 '?3<H44. ^ 
7l7^44(i4i)5.4Eisi ^^41-^4 A^^^lj4s4(i 43- 1)<^| 4^s):ii, 4^^^^^ 4 4s^^2l4 1-^4S7>#^ 
44. .^413 134^4(1 43- 1)S4E}J21 #s^4x4 '-§4x44(1 43- 2)^14 44^^^^ 4 4x4 ?^5l5]<H ±: 
^1.^1(50)<H| 4444. i4l^l(50)i^-i-4^44(i4i)^4El5] ^4#^£*^^4. i44(50)^ ^H^s 
4(i42)t 4«H^i ^54^-!j4 B(i30)^ HS^-a ^-^^4(133)4, 5ll<^la^4 3lS(110- 1 ~110~3)S) A'^^ 

^4 B(30 1 -30- 3) (30- 14 44^) '^l 4*^4. ;^M^4(130), ^^^^4X^4(143- 2) ?J :ii-?14(50)^ 

-714 s^^14(60)# 4^^ 44. 

444^^1 ^11 1 4-^1^-4 4#4fe 44 ^^1 ^^^^4 A(i20), ^s^-4!|4 B(i30) ^ 5ll<^la ^4 3is(iio 

- 1 -110- 3)21 -Stl-Jt-^^Jf- A(20- 1 -20- 3) (20- 1 4 4-4^)^ ^11 ^^^4 B(30- 1 ~30- 3)(30- l4 44^)^ 

4 44<^l 4^J<^1 SI 4. 

4^11^454 ^.54^^14 A(i20) §1 ^5444 B(130)4 4 i ^54-^ 4711 4 ^1 2 ■'SS4^ 47ll# 7>.xi:i7, efl 
<^la ^71 515(110- 1 -110- 3)4 ^1 1 4^ 4^^ 4^14 ^il 2 44 4-1^ 47ll# 444. 
^1 1 ^.54-^^1 4?1H144, 4^^.5*1 44^.5# Tl^^i ^^isji^ 444xi S4sl4 4 'iJ^ ^J4£l 4<^l^j^ 
^^#4 i^<Hl 444xi i4sl4 n|2l 4^5l4 ^4^1 4<^14B 114^ <^14^4 4 ^5 -^^451 4<^4j# ^1#44. 
^1 2 ^S4''J1 4?1HI44, ^1 1 ^54^-^ 4?1HI4 ^^44 4<^l"<^i 44 4^51 4x^1 7l^<j}ir -Hi -^14 4 ^1 
21 4E14 ^421 4<^14.H 414# <^143tl^i 4 4^ 44^1 4^1'^J# ^^#44. <^14 ^^<^1, ^lel ^=^^4 ^4^1 4<^1 
4H --^4^ 7V-g-«v z| ^:£H}-^j]# *fj7A-i zj- T^s. 4451 ^^l^^j^ ^^#4:11, a A<'\'%^ 44 42:4fe 4x^1 7] 
^44 -^14 4 pl2l 451 ^421 4<^1*H <^1^4<H 4 4s ^'^I'S^ 47>1 ^#^^^4 4 
54^-!i2l ^^4^1- 44-^1714 ^41 

41- 4^, ^1 1 4 ^1 2 7flM^7^ 4^^!*^ 4444^ 4^^4 ^tfl, 444xi ^Is] t 

^4 44^ 4<^1*S -^144 ^444 4<^14H ^1- 47fl4, ^44 4<^14H •^144 <^144'H ^11 4 
^fl^ 47fll- 444. 4 2 44 47fl^l4^ ^ 1 ^11^ 4?ll'H|4 ^d#4 4<^1^J'^I 44 4x 
i 4^4^ ^Ji -^1-4 1^151 44^1 4<^1*B -^^^ <^1^4<^ ^fl^ ?t4. <^14 ^^1, ^ii ^^4 ^1 
A "kA^ 44^ 4<^1*H sfl^ ^^''ll <^1^4^ 4^^! *44x^ ■a^4'>ll 47flai<^l ^11^ 
^^<^1 4^4711 €4. 

5£^, ^s^44 ^ll^^^i <^1^44. 4*4 ^iL ^is^Aijs^. ^i)^^:^*^!^-! iq-sit|-s^ 4^ <'\^^ 
4 *^4^ 4^^ 4St^-!|4 sfl^^:|5] ^^a-sl- t:^^ tg:^Al^ 4^ Sir)-. 

^, 4^4^51 444s# 4^4 =r44^ ^^^^x'-ll ^^4^ ^^l^l *=^Bi4 44^1 4<^1*H <^1^^4 4 
4S 44^ ^#4^ ^1 1 ^^^4 47fl^ €^4:ii, ^1 1 ^S^4 47fl ^fl^«^^ ^^4fe ^1 1 

^fl^ 4^431, A 1 4s^4 4^i4 4#€ A<'\^M 44 ^ 1 sfl^ 47fl# 71:^4 4 

xi 4s44 ^^a. ^4 4 HBl 4B^4 44S| 4<^1*H <^l-§-sil4 4 4^ 44S| 4<=>1'^^4 ^#44 ^ 2 
^54^^ 4711# 4^4^, 4 2 4544 471I'H14 ^^#4 4<^l'^Ji 44 4 1 44 47111- y\A^^\ 4££4 4x 
i 7l^*> ^ plEl i,^el^ ^4>21 4^14H ^44 ^14sil4 444^4 4^^ 44 44 4^J4 44 ^1 2 

44 4^^ 4?114 ^4ji, <^144 ^1 2 44 471HI4 4^4 ^4 4 Hsl 4el4 ^4^1 4<^14H -^44 
7V4^4 4 2 4i^44^ ^4:ii, 4 2 4^^44 47il'Hl4 4#4 4<^4J'H1 44 4^444e14(60)# 4^114 ^4 
44 ^il -^^4 4 4<^14B ^44 44«1I4 ^1 2 ^114 4^14 144ji 44 444<H 4^44 4 ^11 
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£ 2^ ^^J^>^1£] ^1 1 S^Bl ^'^^fe X^S.<^14. 5L Z'Hl Sl-^ ^Jll- 1^1 

^^m. ^^J ^5! PflSLB] 61) ^ ^Tfl S2^, Die] ^^5] s^ol^H A}-g-^^i 

^7^1 S4^ tMEL t'i^ ^71^^1^611 ^^^jL, 7> i3ii<^iEi ^yi'^] mnm. ^ SS 

tB^^ ?J ?J li -^J^^^l ^-il^ffe Pl 2^ tE^^ ^^l-iLS <^l-g- 

^tSSl^ S7^ ^^J^J^^I .AHs<.l AjBfl^ ^^5) ^41 <^^^^>S^5^ ^ ^^nm 

t^J^^l aeli, ^Ml S8^ ?|<^1H ^J2# ^7l7^3i^<Hl 

^7^1 S9^, ^S^-^-W^l ^^^gfjl, 3J^M47> ^l(Yes)<^l^, S^E^ir ^7^1 

7M -^^^s] 7} ^]'^]^ ^su, 7} ^]o]^ sQ-y^o] ^ yjja. ^^^JL. n. ^mi^^^ 

^^^i m S9S] 5a-:^J147f oHA(No)<^lT?i SIO^ tll<^lEl taf^ S^Slfe * 

^, ^s^^-fl ^ -^7^1 S7SI 4>7i6]|Ai ^--tt ^1 1 ^s.^^ - ^1 1 

^^12 ^i^^-i^ - .^1 2 tVT^i ^ .^1 2 -^n ^A\2n^ ^n^7]]2 7^s.^^ 

^^12 ^'13 - ... 4 sfir TjilS, ^J^t-^ ^- ^ ^mSLS. 3|-§-# t:^^^ 

^ ^S^-^-W^ I33^5i# ^^^^ ^ 3k^k. 

oi^i-4 7^0], j^oi^H --J^i sitt ^jS-t^J] S 7^ --§iL 7> tiioiEl ^ 7} 

J ^^^^ -J #4 4<^1*H Af-i-gH ^iii^ ^s^^J]^) 7^^5,# t:^^ 

aii!''--jsj.s7> ^tAVsi 14# 4*^H 4^1 ^sj-^J-x^e), 7> ^iu. 4^14 42^*H -^J 

## 4^*M ^'13 7^21 ^ f-^j# ^sU, eflola ^1-^^^ *7l7j4^l 4S471 n. 
^7^ 144 'I33^5i# WMH ^ Si 4. ^j^£7>tg:^>^ ^y^9\ 14# ^Ift^-H 44 
tij^ti^js--^! ^js.t4^ ^Jt£t ^41-44:11, 14^^^ i:-114e1 ^^"^^ 144 ^4. 44 

J4 -^S'S-^^si-'i 4^ ^^^s] ^J^4 7^B)# m^^s. 'iV4^i-A£4 ^?4s) 4i-*4iLS 

H 3^^ ^1 1 ^4ii ^^4 ^1 1 ^4i^ ^-^^^ 441^^ t^£44. ^s^^^^s] ^1 

1 44ife, ^ t^^s 5]^ ^s^^-fl U-^Sl ^ 1 ^^^^ T^s.^^^^ A 7 

^ 44 1^ 51^ ^S^^Jj n 2~n 7 ^46,11. ^ll^^r:!-. - 3 ^''IH S l4 ^-^^ ^^'Hl^ 

-^44. 

5i 3i 5J,^4, ^4 4s^, ^ia5](5L444 ^ ^7}(ioi)# ^afl efl^a ^4 ^s(iio- 1 ~i 

10-3, ^^"t4^A(i20) ^^-§-4^ B (130) "11 ?^€4. ^ 4^1 ^1^14^ -ais 3^4 ^-fsi ^ 

444-^,44 ^a«14 4:£fe 44=^- /H*] efl4H ^4 S\s.^ 
4s44^A(i20)^, ^44(i2i)i 51^4 ^^51^4^^ n^A ^is) 44*H ^l-'-ll ^S^^(i2 
2)^14 ^r;^^ 44^s# ^44Ji, '^4445l# ^^4. ^%>il:S^B]^ 44*H -y#^;^l<a HS^-a ^^^(123) 
i4 ^^>7}A> sqo^ H^4^a4 ^^i^A. 

^^^d^^(i24)^, ;^l<a^^4"a ^^^(i23)^s^El ;^l<a ^^4-^4 ^^sl^i, ell43 t^*^^ 

4. ^S^d^^(124)^ ^d^l^^SSl i^:^l(118)#¥^ A'^mA<^^i^^m :ii^:^l(118)-^ 

£ 25) S2~S43) ^S]l- 1: itll ^4 (b)^<Hl ^^S\JL, S 2^ ^^1 S5~S9^ ^-jej^ t «11 ^4 (a)^<Hl 

€4. 

4-a4Bl^4^(ii7)^^s^da|^(i24)'>1|4 ^d^l^^ssi 44, ell43 ^4 5)^(110-1-110-3)^4 

m^mm 44 '^j^ ^14*4. ^^14^^^, 4 ■3421^(112-1 -112- 3)^ ^5! ^as.^ 4 

.^4 51 ^14 ^(11 7) 4 44'HI 44 4'a44:ii, *^>4(ii4^ i ~114- 3)'>1| Si44, ^4:^3: 
4^ ^^^(116)^)4 ^Jil- *^>s^4 ^%^>45ll- ^4. 

^^4-4 51 « ^AS.^ 5114a t^J^(i40)i4 5114a t^J^4. ^4^4^(i4i)ife efl4a t^J^ ^5:4 i 
ai, a ^2:*h4 ^iL -^3^4 7> t=i144 *4. 4 ^, 7> -^l-^ ;^flifi2:^(i42 ' ■ 

5131, n *^4:fc^4 ^st^Jl^ B(i30)4 4<a HS^-a ^^^(133) 4«r^4. 
^s^-ai^ B(i30)^, =r4 ^5! 4s4 4*a*H -^l- ^ ^iL -^l-^l ^^44s11- ^^4. 44*B ^ 
^j^^ ^^^4^ A(i20)4 ^-?-4 ^4, *'a:4(i 31)^^1 S144 4445: 4^1 ^-^^^(132)^14 ^544 4-4 
4 *45] <H 4-44 51 4 ^ 4 44. 

<^sj.A>^ 7>^i;^i 4<^1*B 4^^, 451 ^=^5^4 ^44 4^ <^l-§-^4 4^<^1 ^14€4. 44, 4-4^ -"^^ 
7\^-c\ 4 li -^J^^ 7fl^££J^(i42)i^^4 4«slfe ^44i^4 *4sl3i i?14 4^<^1 ^14€4. 44 H^4^a 
4^(i33)ir <^44^ 4#s^^1 i3l^^^4 ^14^ ^# *4 7I-44J1 44iiS44# 4444. 
^^4^4(134)^ 44 Hi^4^a4(i33)iLj^Jii-4 44 Hi^4-a4 ^-g-^lJi ell 4 a 444fe ^s.^ m^A. ^ 
S4 ^ 4(1 34)^ 4 4 4 ^ i£ 4 ^1 (1 1 8)1- 4 44 51 ^1 4 Jf-(i 1 7) i ^^44. 
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^l'ai^^2]^H-^(117)-&^^^S!-?-{134)'H)Ai ^aj^^^S] B^olTnjd) eflola^Tl 5^^(110- 1 -110- 3)o1)^i 

^H^T^. ^^l^sl o^S^r, ^l<aS]5l-?-{112-1~112-3)-^ ^S.^ ^1 

'gs^2^^1<^^(117))£] ^lAl<Hl rtfef xl-gAj^ls, ^^71(114- 1 -114- 3)^ Si<^-^i, mi ^-^^ 

^Sl-A>^^5^^ 4li^r, e1hl3 ^-^^^(140)^1^1 efl<^l3 ^l-';3^t:f. ^71^^ I^J^(1 41)^ t]\o] 3. t'-^^ ^^S\JL 

7} ^<^\^ 4-§-^t ^Ji'g-^^^ B(130)i ^.H^i -a^^ S^E^^r ;^fl^^-^S ns\{n : 

^4. ^<^1, ^S^^^, ^Sj-^h ^^^9\ .^-^2.]t .^fl^3l o.j£ ta-^^T-iL^^i, ^^'g-'^Jj^ ^ '^^I'^l 

^tt, S 3^1 Sl-iV^i4^1 ^^^jJf(122)(132)SK ^-I'S HS^-a ^S^-f-(123)(133)3il-, ^^^^j-f (i 24)(1 34 

)7> ^^Jslci 5144 ^^4fe ^^^iLjS. 4fe 4^44. 

5i 4ir ^4144^ ^1 1 4-^1 ^li IH^i ^s'g-i^Jfsi ^1 2 4^^H1S) 44^^r #^5i<^14. S 4 ^"1)4 S 

34 ¥-^4 ^^^1 tfl^fl4ir Ji, 11 4'l-& ^3444. £ 4^1 Si<^4, ?J i^^^-f 

3:4(143)^ S i<^l 444 A^-'S-'S 431-^(1 43- 1) 4 ^#44Ji5: 44(143- 2)i tfl-g-«t4. 

5l 451 if 7^^^ ,M^6]) i^.#7^7^Jf-^7} if-5]<H Oji^ ^ O. 7| t)l<.lE-] ^7^# 4'H <H 4 2i ^ 

^^^^^4x# ^4ji, 4-M i^-^f -13 134^4 4 ^fl4S# 4<H ^^444^1 ?144^ 4# 44iis 4ji 44. 

^4444(141)<^1 ^"^^il -^^51 7> r^l^lE^ 5a- 7^ # tb ^, 7> i>llolEl ^7^^ 7^Ti 41^^ j>. = 7^7^ ti^7] ^ 

4^4(1 43) ^44 Ji, -^#'13 13 4^4 ^^44. i^.4l3"i34^7> ^^4 1]l-4 4-^1 i4^^^^34^4 
4 ^ 7^1^^4(142) 'HI -^444. 

44^4(142)4 444 ^JiL -^t^ ^114^4^, a 4^44: 4i?-444 B(130)S1 44 Hi£4^a 444(133 
)i ^444. =L 7]A^ m n 1 44 i4 *<a4'H, n 4^4 4444. 

<^144 4<^1, ^4-13 '134^71 ^ ^4-13 ^34^71(143)4 4^144 4^1 ^^S- -i^l-^l ^4^£3^^4s7> a«T-5]<H 
44 44i, a 44^4^^44# 4jS-44^ ^^4s 4 4<>1e1 4^^ 44s] 7^4££] 44i 444-^5. <^l-g-44 5J 
4444. 

44 -^s, 4^4*4 4*4^4 sn^sf-^ -^^444^! ^4 :^ 5~]£ 74 4^44. 

5L 54 ^4445] 4 1 4 Mii 4<H4 4jS-444£1 ^fl 3 4-^1^5] ^7j^ 4444 44£<^14. S 5 ^i4 £ 

44 ¥44 4^^1 tfl^-H^ jjL^^ ^<,i j7 n 4444. 

4, £ 5£| 4^f34 m 7fls| ^4*41- 44 44 4*4 CDMA 44 i 4<H4 4^44^1 ^1444. 44 4*4 
CDMA 44^44 4 44*4 44 CD MA "II ^Hl M , ^1 ^17-4^1 ^1*4 4^^1 4 :a 44*4 44 45.^ 
44 t 4iL4 44. 

£ s^-ll 4^4, 44 -m 4^4 Pll£54ii'l'^l ^1 4i ^4 4 4 1(101)4 ¥4 4# 4*4 ^£4(210)^1 
4444. 4^ 4*4 4S7|(210)4 444 4^1 --ll <4:?:4 4 44*4^1 444j£ 42l4:ii, 4 44*4^3 4 

^ 44 515.(200- 1 ~200-m)^l -S-444. £4, 44 4*4 4£7l(210)4 <^I4 ^feHl 447l(Discrete Fourier 
Transform: DFT), JL^^elcH] 4 4(Fast Fourier T ransform : FFT) 4 ^R^^^i ^1^ ^^i'^'l 7>444. 

s|s(200- i)i i4sl4 51413 ^4 aiS(iio- 1 -no- 3), 4^444 A(i20) 4 4^444 B(i30)4 4#4* 
4 4^4(210) o.s^E^ ^7^21 44*421 4^7} ^^44. <^1 4^HH144 3 471 ^4^1 i^s. 4134 44M1S1 
44 444^S 44* 7II21 ei|ol3 ^tI ns.^ 4^144. 

^s4-^-!|4 A(i20)^, *44(i2i)i Si^4 44^H •<^1-<H| 4443: 44 444(122)<H14 44 

^ s-xv *4-43i, ^^4:4 511- ^^>4. ^^4:4 4*^1 *H -^1-^ 4^ HS4^ -¥-(123) 'HI 

4. 5is(200- 2 - 200- m)s-f El :£T3>^>7>4s ^4:^5]^ 44 *H ^1-<^1, ^^4^ -¥-(123) 'HI ^^^4 

4 -a ^^4^ ^S^-¥-(i23)^, 4 5ls(200- 1-200- m)^ Si44, ^^4:^5]^ 44*H S]:*4 44 -¥ 

^7l-4- 4j1, 4 -¥-iiV*4 44 ¥'3-7>4: ^ ^^A^ 4^ ^s4^# ^S^^4. ^s4^-f ( 

124)^ ^-aHSsh-a ^-^^^(123)^^^^! 4<a H^j^-a^ eil^a ^-^^e^fe ^sfli f- 49)^4. ^^4^ 

^(124)^ 4^?t :^iLl- i^4(118)# ^311 ^^171(21 4)<H1 *#*4. 

4^71(214)^ ^^^^SS] ^n*\5L, :^S(200-1-200-m)'H| i^5l^4<a45|^4-¥-(117)'>]l 44* 

^44. ^, i^4(118)^ £ 2^ 4^1 S2~S431 1: 11(1 44 (b)^i S 25) 4:7fl S5-S95] sis] 

44 (a)^<H| ^^^4. 

4 -a^^ 5] ^ 4-^(11 7)^ 24)^414 ^ai^^^sj Bl-4'?^'>11 51143^4 5ls(iio- 1 -no- 3)^414 

^ 44 ^ ^44 el 5) 44 ^ tih 44. ^ ^1 ^ 4^^, 4 -a^-l b] ^(i 1 2- 1 - 1 1 2- 3)^ 43:1- 4 44 si ^1 
4(117)^ 4'^HI 44 44AlfU, *44(ii4- 1 -114- 3)^^] 44^ 43:<^| 444x 44 444(ii6)'^| 

4 444 44 4x4 *44*^ <^444sl4 44. ^444514 4x4 el4l3 444(140)^14 ^H^^lH 4444. 
31 i£ (200- 1-200- m)<^l S444 £ll<^la 444(140)^14 5fl<^la 444 444 ^14 4444(212)^ 444^, 
44^ 7ll4i^ 444 4, ¥71444(141)'H| 4444. ■^71444(141)4 elhla 444 447> 44^1^, a 4x 
4 4£^4 -"J 451 4 ti4lEi 5^7^ # *>r}. 

¥4444(141)<^1 51^ 7^ iL -^^51 7} t^lolEl 5^:3^ 4^, 7} c^lolEl ^7^^ 7^Ti j^ = 7^7^ ti^7l 4 4^ 

^^4471(1 43) '^Ij 44-5^ i 4^^^ 4x7> ^i3ll44. ael^, 4^^^4x7> ^«I14 ^Ji -^44 4-^1 ^^^^4x 
^ € ^, 7l|i?i^£-¥-(142)'Hl 4^^t:|-. H5l31, 7MS-^(142)4 ^Ji ^1-4- 7^^431, H ^-^l^^i^l- ^ 
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- -S.7} Six] ^-f, ^^a-xfly-o, ^ ^aH]^ ^o], 71- t^olE-l ^^^^ ^ 

- ^fli?lS*U, a ^m^m ^S.^^^ B(130)3) Si^^F^a ^FJJf(133)i ^ft^l^SL #4. 

^^^Afl B(i3o)ir, A --j^ ^ --j^^i <^^t>s^5i# mm. 

A (120)^1-, 51^(200-1 -200- m)^l zj-zj" i^Sl^r ^^it^l (131)^1 

^4VR> 134# AJ^7R> g^i. 746]| o]^ 7l<?i -Fi^ftt:}. 

7dBj^(134)ir 7ja]«V 7^ii# i^^l(118)# f-^ ^^i7l(214)i ^7)17] (21 4)^? ^^iL 

#4^1 n S(20O 1 ~ 200- m) '>11 <^y.] 5] ^(1 1 7) ^| 

^s.^m'^i^3AW AAH. e^hl3 ^4 31s(iio i ~iio 3)^1 

Ai ^ ^ S)-A>A^ o| ^o] ^ ^1 ^^^51 i^fe, ^1 JjL(l 1 2- 1 ~ 11 2- 3)fe ^J^t A^^^A 

yi<^^{^M)S\ Am\ A^A<^m^. *>il:7l(ii4^ i ~ii4- 3)'H1 Si<H^i, ^^'■11 ^^>^^ 4^ ^^^(ii 

6)6flAi ^pj^V a.A> ^A>*V<H ^^^>^5]1- ^%^>^5]€ efl<^la ^^^(140)'Hl^i t 

7J^4. 

31S(20O 1 ~20Om)'>11 i*!"^ 3 ^i" 1^^(140) '"fl^i ell<^l3 li€«:7l(21 2)i ^^SlJl, Sj- 

A'^s. ^ ¥717^471(141)^1 ^7\^A^{^^^)^ elhlH ^X7l- ^^^jl, ^xl- 

^^li '^^^ 7> rfl^^lE^ 

7} t^l^^lE^ J^H 14# '^\^% ^S.^^'A^ B(130)i Sl<H7i <a^i51 m^^S. n31(n : ;^l-<a4^) St^ 

<^li^l- 7^<^1, ^S'ti^, ^^7jo| 7lj^l7li>.^ ^^m^S.'^, t:f^«i*4CDMA ^| 

Sl<^7i ^S.^^^S\ -jsj-s oj ,^|<.,E^ ^45^ .-gsi-^:^ ^Hi-''^l?lfe ?J-1 7>^ef4. 

6^ ¥^J^>a1si .^1 1 -mm] 1H7i ^s^i-i^Jf^l ^l 4 ^'-^^ ^^^^ ^ e^i^i s 

5S}- ¥°J*V Jf^^l rfl^A^i^ JjL^^ ^<.l J7 ^ AjTg^ -SSittrf. 5i 6^1 ^^^^^ ^S^^J]^ B(130)<^1 4 ^IV* 

4 44 4<^1*H 4 ^^iL 41^51 ^444511- ^2.. 4<a H^4^J^ '34 4 45. 4ai# 4^r 4i 
4^4. 

^£4^1^(124)^, ^daisi .7^51 :^1 7^a.# 4^14(214)^1 ^^tt4. ^:^14(214)^ ^^4 ^^il^ 47ll4ul 

iJl 5.(200- 1 -200-m)<>ll 1L^S\^ 7;?14(118) 44^1 *^t!:4. i44(118)-b 5- 2S] 4?ll S2~S45l 7^ el 

# t «fl 44 (b)4i ^l^s] jr, £ 251 47^1 S5~S94 4 1^11 44 (a)4'^l ^1^44. 

4 47HH144, ^^4^^421 ^1 4 47H14 44 7<l5l4 45i, 7)14^4(142)^1 4^1 i^.4^^5l54i4 4 

t<^l 4^44. 711^^4(142)4 *^4 7^iL 414^ 7il^s4x a 4=^14:^-4^ 4^444(216)^ 4444. 

4^1 4471(216)4 444 44^1 7ll4s 444 4 ^ 44 ^-^^^^k^ ilJ^(200- 1 -200- m)i 

i45l4 44 H^44 -^^1 4 (133) 'HI 44 ?1444. 

4^444 B (130)4, 4 44*4 44 4^44 4^5) 4^J^H ^^1- ^ ^#5] ?^4442H- 44. 4<^1* 
H -^14 4 ^#4 ^^4^-1^4 A(120)S| ^-f -4 ^<^l, 51^(200- 1 ~200-m)^| 44 ^^1-44 *44 (131)^1 

4^4, 4|-4 44*H ^1- ?J ^il ^^''ll %44Ji 4^ ^^4(132)'>1|4 ^S^^V %4 4x1- ^444 ^^4 

jfev 5 4# 7\^n 44 *H ^1-4, 45] ^^^B^4 ^44 ^# 4-§-sil4 4S 4^4 :^4€4. ^44 
7>-SrT;-ll 4^4 ;^fl 4^4(1 42)^4^1 4«5|4 *^4:5i^<^l *443i 4* 444 ^^444. 44 HS4^a 
44(133)4 4 44*4 44 ^^4 4 4^S4e1 42: 44<^1 ^144 ¥47H1: 4ai 44 ^^4*^^ ^34 
44. 

51^(200- 1 ~20Om)'>1| 44 ^^4 4^4^4(134)4 44 ^S4^a ^34 4 (133) '-114 444 ^s4^a<^l 4^4 
ui, 5114a t444 4S# 4^144. 4^444(134)4 4^14 4 Ji* i44(ii8)^ ^^4 44451^1 
4 4(1 17) 'HI 4^44. 

444, 4 44*4 445] 4s4 ^iL4 4445l^<H4(ii7)'>ll 4^4^^ 44 sll43 44 
10- 1 ~iio 3)<HH ^44 ^444214 4<^1'^3^ A 44*4 44 ^Ht ^ Si4. 

44-4 4 1^144 4^ 444 B(130)'>1| Si<H4 -^44 4b|4 71144^^ n^Kn : 44^) 44 

44. 4^4 ^o], ^s.^^. ^44, ^fl^ ^451 ^a44 4511- 7ll44^s 444^^4, 4^4*4 cdma 44^ 

444 4^44^ 44£ 4 ^^144 4^ 444 ^4H« 4*44^ ^4444 4<^1 7>444. 

£ 74 444451 4 1 44^HI 4<>14 4^4444 7|l 5 44^15] 44# 4444 #45L<^14. S 7 ^^14 S 

64 444 44^1 ^444 44 4x4 4<^lJi, ^ 4'^4 4444. 5i 751 444 ^^444 A(i20) 4 4^4 

44 B (130)4 4 44*4 44 4<^14H •'^^ 4 4ii 11451 ^447^2l# 44 4<^1 44# 444. 

<^4A> ^ ^ci^H •-J4<^1 4444, sii£(200- 1 ~200- m) 44 44 3£44 4 4 Si^44 444(1 23)^ <^44 

4 214 4<^14H '^]44 44*4 44 444 4 43i 4 4 iiS444 44 44. sls(200- 1 ~200- m)^l 44 S 

44 4^4^314(124)4 4 4 SS44 7g44(i23)i£44 44S^44<^1 444:^, sll<^la 4444 4^1- 4^1 

44. ^^444(124)^ 4ei4 4i£5j 4Ti# i44(ii8)# ^44 4445|7lH4(ii7)o)| 4444. 
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^^^l ^S.S\ ^^^^ 7ms. ^7] n<>]3. ^7] ^S-O 

10- 1 ~110 3)^lAi ^#ir <^^^J:7^^.^ ^<^]^i^ A ^-'^^^A ^ SI^^. 

oRi-^ 7} -&\<^\A A>-g-«t ^^i^xflJf B(130)i -a?!^ ^fl^^iLi^ n31(n : 7^^^) 

^T^. ^S^^, '^^'a, sH^i ^^jS] 11^51 t;!]^^-^ i#4«T-o_^'»l, t^^iiV^s^ CDMA 

5L 8^ ^^^T-^IS] ^1 1 -a-^lii 7|1 e-iAHlS] ^7j^ ^^iflfe Si?t, 5L S^^i 

^S^-^-!]^ A(120) ^ ^S^-^-!]^ B(130), ^\<''\3.^7\ B^hl £1 t'';^ ^(220)i5l ^B^^fljl 5;^ 

^l^A 1-^ 5i AS\ S\n 'i.*A7\^^r\, ^7\ ^i-^;^^(220)^ ^\<'^7^ 31^(1 10- 1 ~ 

110- 3) ?J ^\<^^f^ t'^J^(140)<^l S Sf-i-^^ H 32} tfl^^ii^ J^-^f- #0]^, ^ 

7fli3l^^(142)^ ??5]ir -^J^^ ^Ht?i:£*U, 11 -^^^(222)^1 ^^tt^. 

^ft -^l- ^sfl^(222)fe ^^Slfe Nd7ll(Nd : ^>'?iT")Sl 7\^^, k7H(k < Nd, k : ^>'?1t")1: -a^^t-i, a 44: 
^S.^^^ B (130)^1 ^*tt^K 

-^J^ ^dS]^(222)ir Nd7flj21 7^^^ ^ ^J^- 7}^t-11 ^^S\S\ ^^^^ k7M -S^SM ^1* 

3 t-^^^ *d-*V ^J:# ^sU, n -^ir^ i^^t 5i# -^F-g-t ^7} si^. 

Sl^o'-^l:^^^^^ n tfl<^lE^ ^^^^ JjL(230)i ^ % 7\ 1:^1 o) El :^^^^7^^ a-7j^ ^A) ^ll-ofl ^ 

'ittt S# ^sU, H S# .711 §71(232) ^I H .711 Sl^ 7}ir*W. 21, ^V^d #51:^1 7^%^ 

^V7j^ ^]## 711^71 (234) 'HlAi Tll^sU, H .7-11 ^ 55^71 (236)^1 Ai ^ 5Sl-tt ^ 5>.l ^ 4 efl<^l 

H ^^.>1 31jS.i SH ^i -^rd*?!^ ^^^ ^IS] 711§,71S1 *M1# 7ll§7l(240)iAi ^l^tt m 7}^*>T^ 

5i 10^ ^^'"t-^li^l .711 1 ^].ahhi 5i<.i7^ 7j^Hj.,i!j^oj ^) 7 .Aj^^e^i 6j ^A^^ M-Bi-ifl^ 1-^:£<^1t:^. :£ 10^ 
s 84 -?r^^?t -^"S-oll cii-aH-Ai-b -'^sii- #01 ji, :i 

£ 10?-] t"-';^^-, *.7l7d4Jf (141)4 7lliaiJf(i42)451 ^#^^4^4 ^ i#^^^^X7l(143)# 

5J# s.^ ttrf. ^, 5i 1021 ^^j^- 13 i ^d^^HI i^^j ^j-¥-X7l- S^i-Slir 7^^, 7> t^lolEi 5L^13^ 1]^ 4] #21 

i:^^^i!^i!42# ^flil, 4'M iJ-^-^^ij^SsI- .711 Bl 2:1- *H ?l«rt!:4. 31 51 1021 71-^21 ^-'^^ ^d^Sl-^M ^ 

H^MlJI 5J,z-l^J *llt ^'ii 5i 421 ^7-^ oil 21^ ^ HA. 4^^d ^dl-21 -^iSlS^^ir ^E^Jl 4]#2l 4^ 

^^B^ol^ JlcV^^^S^ rll 7}A1 ^5^7, xi-^^s^Hl^ A>-§-s:}o^J£ i^l3l34i# t iiHI 

7f\%S\ -f^^(likelihood)i 7\3:.% ^^<^H£ #4. ^If- f-'^, A^^^^^fSS ?lul^^(Convolulion) Jf3:7> a>^ 

51^ HlElHl -ijL^sl 47^cHl7^ Tll-ilsl--^ 7}7l(Branch) T'flHe3:^i(Matrix)2l 4^.^1.^1x21 ^iSlJ^S A}-g- 

^>7121 <a^4 7^01, ^ .^AHHi Plel ^^^Bi^ ^4>5j ^#21 4 ^S. ^^^^ 

5&, ^^£7> ^-^T-^ ^s^^J]*) ^41: 44 4S* 2)311 i3||<^iEl ^42] ^^£1- ^^1-1: 

=r Si4. t!:^, ^^£71- t§:^^ c-flolEl ^41- ?1^*V<=^ 44 SV^^T-^S*! ^S^^2| ^^-^71- 

t>|^ t§:>5j4ji ^44-^^ ^471- ^-S-^ 4^ Si4. 

£ ii^^4^>^l^ xii 1 ^Ai^HH) Sl<H4 ^fl^^^^2l ^1 1 ^4^21 ^A^^^.^i^^^^£<.lr1-. %VA^^^-^ 
A 1 €^1^1^ ^ ^^^^s. s)fe sfl^ 'i'-'^2j xii 1 ^Ai<Hl# ^i|-g-4:ii, ^fl^^^^2j ^1 2-^1 11 € 

4^^!^ 44 ^ "^'^^s 5)^ ^fl^ U-'S^ ^ 11 

£ 1121 ^A^^ :^Ai ^^liH^Hl 2)^ 44^4 ^W^^^ ^5! 4x4 31]^^ 

^# ^^4:ii, a ^ll^^^l- 4#4fe ^44. 

11 ^^^14 4^4 5! :ii^4(2io)# ^^114 4<a-f (212) sfl^i€¥^4-?-(2i 4)^41 ^^^4 *fl^i€¥ 

^^^(214)^ S 1 i 44vfl ^11^^^^ A(20- 1 -20- 3) ^ afl^^^-f- 8(30- 1 -30- 3)'H1 tfl-|-^4. i^4(210) 

^ ^4 an 51 4x21 44*H -t]!- rp(i)4 -^Jl- 41: rdO)S ^14^4 44 (a)^ ^-^ 44 (b)^<^l ^^1 ^d 
^^4. 21 *h 4<^1*H -^l^ rp(i)2l i^r 4<a^<^l JI 44*H ^ NP44 'd^*V4. 21, -^^^ rd(i) 

21 jir 44^<^U ^^iL -^#21 -^^ ^ Nd44 i?i444. 

4M^^^^^^(2i4)-^r 4<^1*B 41: rp(i)l- 4-§-44 ^fl^ ^4#4:ii, a 4^^444 ^'?^j44.?i f d(i) 
# 7]fl^td^i4-f (2i6)i ^^t!:4. ?d(i)2] 4^4^<^1<H4 44*H 41-^ ^1- ^ Nd44 

1^444. 44, 44^(212)^ 4a. -^l- rd(i)# 444?!^, a 4ii. -^l- rd(i)l: :?l)^^^a4^(216)i 

^^44. 
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JI, 3- i^T-^ ^^i. -yi- r' d(i)l- ^71 ^14-^(21 8) "11 ^^-qti^. ^y\^^A^{2AS^^ S ^7l7^2F-f-(141) 

5i 12ir 3^<^1*H '^^^'^l 5^5!^ ^B^Ml-^ Si^^lt^. 5i 12 ^^l^i #^^1 ifl^l^^l^r aRV^I o.^ c}^ 

^ i^<^l*H '^J^'^l ^i-<a5]<H 5Ir:f. i^<^l*B -^j^^l -y^l^l ^ 51 J7, A1^>^51 o.^ 

Hpl^MS ^"oi-^H <^R>^iLi^ wpi^HS #4. i£, 4l^£] ^^J ?3<^1 

5i125l :^5l#^Al*V^^, ^^ji^iir:^in^f^^l(210)#^4^*fe?3i 5]^ ^5! i^<^l*H 

# rp(i)i4 -^3^ rd(i)S ^V^^ASLS. sfl^'3l^^^^^(21 4)^ 3^<^1*H -^^ rp(i)# <^l-§-*M :i ^fl^ 

8)^ r' d(i)°l lirfl^7l ^ji t)l<^lE-] ^ o^^r^, 

5i 13^ 3^<^1*H -^J^^^l 5^ ^5! 5) ^bM^ 5i 13 ^t-ll^i 5fl5!M1^|^ ^i^l 

^<^1*B -^^^^^l sH*B -^^t^ 4.^^^^ -a^^SL^ «P1*M5L ^HJ-^H <^R> 

tipl^MS 3i, i^<^l*H ^i-a^ tgg^i. ^-|<,i 7}^*^r}. 

S 13i51 ^^tt S 11S1 ^^j^HI-Ai-^ Jf-^6]| o^^fl r+^^ -^^l-^ ^-i>S^5l*fe ^^M^ A^"] 

*H -^l- rp(i)il- 7^iL -^l- rd(i)S sritfi^^^^ (21 4)^ 5l-<^l^B rp(i)# <^l-§-*H a ^fl^iig^ 

7fl^i3l^i4>Jf(216)^ H sfl^iJi^t^l 42^ 7H^t?i*# a^l-ttt:}. ^^^^i, ^717^3^^(218)-^ Sfl 
^131¥<^1 r' d(i)51 Iirll^7l7^i4# s^JI tflolEl ^34# #^ t ^ 

5L14ir^^J^>^lSl ^1 1 a^HHl S^<H7i 3il^^^7jjjL6^ 7|] 2^AH1S1 ^ ^Bfufl l-^^^l 4. 
5i 1451 ^^^-^ ^tl^li-^i Si 511 71x1^^4 ol^^^l^i sfl^o] ^ll^i^^l- 

^^^#JI, H s]l^idi^# i4>*M 7^4sfe 74olrf. iJL^V, ^Ajg^i. Hll5l^ ^^7i^^Ej ^^^^ k7fl(k : xj-g 

^ 14 ^^l^i ^-^ 4^ ^S.^ ±^]^]{2'\0)^ 7l<aJf(212) SL^r sll^i^^^7il^(220)i ^Il^i^^^ 
^^^(220)ir £ 1^1 ^B^a sH^^^-^Jf A(20- 1 ~20- 3) ^. sfl^^^A^^ b(30- 1 ~30- 3)^1 tfl-^^frf. <^]^, ±^i^]{2 
100)fe ^ ^1 31155 ^131 SI 3J^<^1^B 431- rp(i), rp,1(i), rp,k- 1(i)4 rd(i)S. ^Isf^s. -<3:7}{a)^ 

^Kb1~bn)^'>l| l^l -^^^^4. i4<^l*H rp(i), rp,1(i), rp,k-1(i)Sl i^r 7.>^^<^lJI, 4<^1*H -^^^Sl -^ll- 

^ NP7H i^S^^trf. (E^, .^1^ ..^1^ rd(i)2l \^ y-}^^'^]JL ^§S.^i^9\ ^ Nd^M t^Sl-t^. 
7r4'?i^^7^^(220)ir, 3l-<^l^B rp(i), rp,1(i), rp,k-1(i)l: 4^sH ^11^ ^^^^ a sfl^^^^l 

51 ^-^^^ll ^H^^¥Ti^^(216)'>ll ?d(i)5] i^;.>^4.ol37, 3^<.lf-H 

51 -^l^ ^ Nd7M i^SRVrf. tt^, ;^l.g-f(212)^ ^il -^1- rd(i)l- ^1<?!'^1?1 31, ^il -^1- rd(i)l- sfl^i^ 

^-i4l-T-(216)oll ^^ttt-}. 

sr'4t^!i*iL^j]-^(216)^- ^^i- rd(i)51 tfl-g-5|-^ ^^]c^ ^^^±^k ?d(i)l- *>il:Sl-<H sfl^i€¥# ±1^*1- 

JL, n. ^ila r' d(i)t ^7l.xdi4Jf(218)'H| ^^*Vtq-. ^71^34-^(218)^ ^1- r' d(i)5] ^tfl 

^7l7^5ht ^fjl ,;^|olEl m 14t 

£ 15 ^. 16^ ^ ^l^HHl "JM^], i^^l*H -^1^<^1 -fa^ 5||7.!51 rfS ^Sl- i^Bl-ill^ £o1t;}. £ 15 ^ £ 16 
^1151 *4l7l^^El ^41^ k7ll(k : y^}^^)S\ 31151 ^fl^lfe ^1*31 ±^ Ai^ol ^ 

■ysl^H SI 4. <^1 4 sfl^Hl if- si 5h<^l^B ^t-#:ii, a 5f<^l*B stt^s*^ ^fl^ ^ 
^<^1 mn^A^. 

£ 15ir, 5i 1251 3ll5!3f s^o]^^ M^o] A]^^±S. ^^S\o] ^^$] vj-B^-vflrl-. :£ 1 6^ J£ 

1351 S115J4 ^o] 3^oi^E ^^o] Jf-x^i) s|6fl 4^£)^ ^-f5] ^^1: t+^tm. 

]£1551 :£145| ^^^^i^ ^1(21 0)1- ^e^) 2]Sfl 3^<.1^H ^1- rp(i), rp,1(i), rp 

,k- ^(\)^ ^1- rd(i)S ^m^^S. -S-^^t:!-. ^11^^^^^ -¥-(220)^ sl-<il*B -^1- rp(i), rp,1(i), rp,k- 1(i)l- 

sfl^^^^^ ^^-^T^. sfl^ifi-^Ti'^i-^(216)fe a ^ll^ifi-^^i ^11^^^^ tq-el-^i, ^7l 

^.^4^(218)^ sllii 1^:^01 iL^^ ^1- r' d(i)5| ^ rfl :^7l ^ Bj-l- 

21, 5i 1651 4^^^^-?-, -fx'-ll 5|sfl t:!-^^ Bl-<^1*H -^1-^ ^^^^B]l- 51^11 i^<^l*H -^^ r 

p(i), rp,1(i), rp,k- 1(i)3l- ^Ji -^l- rd(i)^ ^Itti^l-. ^l|^ifi-^^^^(1 20)^ 3^<^1*H -^l- rp(i), rp,1(i), rp,k- 1(i) 

* A^-a-eH ^fl^ifi^^^ ^ll^ifi^iL^>^(216)-& a ^fl^^^^'HI nl-e^ sfl^ig^^ iL-^>?hT:+. uj-e^Ai, ^ 
71^3^^(218)^ Sfl^i€¥<=>l iL^€ ^1- r' d(i)5] ^tfl^7l^3iH- ^JL ^0]^ ^ ^^f- 4. ^jt:}.. 
£ 17^ ^ ^^^^ ^Al^ ^ ^Hfl<H) ^fl^^:^ ^Vig 01 ^, 3 o; ^A^^ M-^l-i^jfe 

£ 175) ^A^^ :^Ai ^^iJl-^tHI 5]^ 7];^1^4 <^1^^<HH ^-f, ^^?L> ^fl^-fi^^ 

^^^31, ^11^ ifl'^l -¥-<^^ 2l-<^l*H <^1^*H H ^fl^i€¥# ^3^«fe ^<^lt:l-. 

Sl^. aEfl^i, AflMi^l'Hl p|5l ^s^-s)^ ^-^1-5] ^^m^ -^]^# T^^si-?t 714^ <^1^^<^I * 

£ 17 7l^K oi^^ofl ^Aj^ 3(15! Aixfe <^l^-^i Sl<^Ai ^^^H AflM i4i<^l sl°l 

4<^1*H cp(i)5|- ^^iL r6(\)S. ^liq<H Aflidia:^iL4>Jji-(216) ^-^r ^m^^^^^{222)o\] ^^^4. ^fl^ 
'S¥^^^^^(222)ir S 1 i 44\fl ^fl^i^^-f A(20- 1 ~20- 3) ^ Afl^^^^-f B(30- 1 ~30- 3)^ tfl-§-^t:l-. 
4<^1*H cp(i)5l i^r ^-a^^^^l^I, ^^m:^ ^1- ^ Np,C7>4 ^n-^^. ^ iL ^1: rdO)5l ^\^^^]aL. 

^^iL -^1:51 411: Nd^^l la:^-^-^-. 
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^fl^i3l¥2i^>^(216)^ ^AS. rd(i)5l tfl-§-«^^ ^^1^) ?d(i)l- ^^>«F<H sfl^i^^# iL^*V 

JI, :i ^^i. r' d(i)# ^7l^^i^Jf(218)'>1| ^71^^34-^(218)^ ^^Ji ^1- r' d(i)51 ^^rfl 

H 514. 4 ^^.^H 3.^^^^ 4<^1*H --^^^ ^#4^, a 4 

5i 18^ S 1251 ^5!4 4<^1*H ■'^^^] -^^.i<H -^fi^ Ml^l Al^>^5l rf^^ 5]<H 51^ ^^^1 44 
^4. m S 19^ 5L 13^ 3^5!4 4<^1*B 4^t4 ^D\i i^li 4^4 Slfe 

44\a4. 

5i 1851 ^Ajtt 5, 17S| ^Aj6i|.A^i. -^^-i^ ,srd^4l^l ARV^liLS 4^4 Sl^r 4<^1*H cp 

0)4 ^^iL -^^^ rd(i)i£ 44'?i^^-ljJf(222)ir 4<^1*B rp(i)# A>-g-eM 44^^^^ 

^^^*V4. ^M4t3i^i4-^(2i6)^ n sH^tJi^l^'Hl 44 ^fl^i'^i*!- a-^j3-44. 444, *4^^4^(2i8)ir 44^31* 

314, £ 1951 45!^ =^44 ^s.^] slsH 4#sl4 SIfe 4<^1*B 41^^ <^S|-aj^^2H- 51^ s^^l^ 

H -tl# cp(i)4 rd(i)5. ^444. sfl44¥^'-SJ?-(222)^ 4<^l*m cp(i)# A}^Sl-<^ ^fl^^-^^# 

^^^44. ^M44^i4^(2i6)ir n sr^tji^i^^ii 4E1- ^fli^idi^i- a.^j3-tt4. 444, ¥4^4^(218)^ ^fl^-^^ 

<>] ii44 ^^iL -^^^ r' d(i)Sl ^icii^7l44# 4:11 i^il<^]El 4^^ 44# ^ 514. 

5i 20^ ^44^^151 .^1 1 a AHHi 5i<.i.A^ sn^i^:^^5l ^ 4 ^^4^51 ^^i^ 44M1^ l-45i<^14. 

5i 2051 ^A^^ 511 51 ^^d -t]^4^'HI 51^11 71^1^4 oW^<^]^^ ^^i^ ^ -aj^v hi15!<.i 444¥# 

^^^H 444i ^<^4 4-l*H 4 ^4 44^B -l-f-4-i ^^^4:^1, a 444^# iL44 

Ji444^r 74<^14. 

5i 20^'>l|Ai ^.Aj Hllr^l ^ -^^^H sfl4# 5i44fe 4^44^^ :ii^4(210)# 4 4^(212) Sl^r 

4^^^J 4(224) i ^^44. 444^^-54(224)ir £ 1<H1 444 4 4^^^ 4 A (20 1 ~20 3) 4 4 4^^^ 4 B( 

30- 1 - 30- 3) 'HI rfl-g-ttrf. olnfl, >:O^^l(210)xr 4^4 m 4^51 4<^1*B --^^ rp(i), rd(i) 4 ^^^H 

4^44 4<^1*H cp(i)s. ^14Si4 44(a)^ ±~ 44(bi ~bn)^^l 4.^1 ^t3^44. 
^114-^.-^^^^4(224)^, ^^4 4^1*B rp(i) ^ cp(i)# A}^eH ^114 a ^fl4^^4^ 

±{A |d(i)-t ^fl4^*JiW216)'>fl *^^4. ^^4:^^ 5d(i)5| :;.l-.a4^<.1j7, s^c.l^H'^l-S] 
Nd4^.1 4444. 4-^^(212)^ ^1- rd(i)# 4<aAl?|ji, n ^1- rd(i)# ^fl^^^iL4-^( 

21 6) i 4^44. 

Afl 44^^-44(21 6)^ 4# rd(i)4 4-§-4^ ^^'-fl ?d(i)l- *4:S^<H sfl^i€¥# iL4-4 

JL, H ^44 ^i^a ■'i]^ r' d(i)# ^71-^^1^^(218) 'HI ^^*V4. ^71^4^(218)^ ^1- r' d(i)4 m 

^444# 4J1 -^Hl^^lEl 4^ij 44t #^44. 

s 214^44^-151 ^1 1 4AHH1 4*14 sil4^^^4 ^fl 544'>]14 #44^^ 1-45L<^14. 

S 2151 ^^^^ m ^^1 W-^i 51^ 44^4 ^44 4fe ^4-, 4^44 44 444¥4 

*^^H 44^i 4<^4 4<^1*H A^l: ^ ^4 44*B <^l-§-4<^ ^-^^4:11, a 444^1- iL44 

31 ^4*fe ^44. £tt, 4^44^ sfl^^ *47ls^El k7il(k : 444^)51 ^^^j ^i^v^ 

i 5|*fl t:f^^ 4<^1*H 4^4 ^-a^l^H Si^ m 

£21 ^'HH ^4^5143:^ ^^^H ^114^S^«hfe ^445:^ i44(2io)l- 4 44(212) m 

^^^W22G)<'\] ^^m. ^11 ^^¥^^^(226)^ S I'HI 44\a ^fl^^^^ A (20- 1 ~20- 3) ?J m^^^ B( 
30-1-30- 3)i tfl-g-m <^li1, ±^miO)^ ^^Am 4Jl5] 44 *H 4# rp(i), rp,1(i), rp,k- 1(i), ^1- 
rd(i) ^ ^1|4M1<H1 4^^« 4<^1*B 4^ cp(i)S ^l«h£4 44(a)^ Sfe 44(b1 ~bn)^i 



^fl^i€¥^^^(226)^, 4<^1*H 4# rp(i), rp,1(i), rp,k- 1(i) 3^ cp(i)l- Al-^*V<H ^fl^ 431, n ^ 

^^^^151 *^4dh^ f dO)l- ^114ifi^Ti4^(2i6)<Hl *^44. £4, *^4dh^ f dO)5l 44^431, 4<^1 
*H 4^ ^ Nd44 1*^44. m 44^(212)^ 41- rd(i)* 44Al?|:ii, a -^l- rd(i) 

# ^fl^^¥iL4^(2i6)i ^^m. 

^ll44^Ti4^(2i6)^ ^S. 4^ rd(i)3l tfl-g-4^ 44 'HI *^4i^ f d(i)l- *44<^ sfl^.^^^ s.^}^ 
3., a Ji44 ^^iL r' d(i)# ^4 4 44(21 8) i ^^44. ^4444(218)^ 444 r' d(i)5l 

^¥4444 4JI ^Hi^iE^ jj:.^ #^44. 

5L 22ir ^44451 ^1 1 4aHH1 4<^4 44^4451 64aH151 ^aj^ 44^fe 44£<^14. 

£ 2251 ^Aj^ ^^5) ^^^Hj-Ai<^| 71^K4 <^1^^'H14 ^41- 4fe ^4, ^44 45!<^1 44 444^# 

^Aj4Ji, n 444¥4 i44Ji 4444 444H'>11 51^ tij^^^^r 4<^14. 

£ 22 ^i4 ^4 45! 4xir 4<^1*B rp(i)4 ^iL 4# rd(i)^ 444^1, 4 44(230)(238)<^1 A^iL Am rd 

(i), 444^^A^4 A (232) 4 444(240)^^1 44 *H -^ll- rp(i)4 44 4^44. Aij^i^l^^Aj^ ^(232) 4 44 

4*^4 B(246)^ 44 5i1 i 444 a11M^4-¥- A(20 1 ~20- 3) ^ AflTi^:^^ B(30- 1-30- 3)^ tfl-g-t4. 
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^ll^i^i^^^j-^ A(232)fe rp(i)l- A>^^H sfl^ #31, H ^fl^^^^^i^ ^-^H^^t^ 

^ A,d(i)# ^flTii?i¥Ti4l-?-(234)^l ^^*V^. ^■^^ih^ |A,d(i)i^ ^}'^^^]JL, -^#^1 -^3^ ^ 

tt^, ^l<a^(230)^ -^3^ rd(i)# :i i^l- rd(i)# ^fl ^1^*^-^1-^(234)^1 ^^tt^. 

:3flMi?l*iL^l-^(234)fe ^^iL -^^ rd(i)^ cU^^i^ ^^I'H) ^^^i^ f A,d(i)# ^-^l^^i ^fl^i?!*^ iL^l- 

# JI, H i-^l-^ -^3^ r' d(i)# *7l7ji^^(236)i ^^^t:!". *7l7j3^J^(236)ir r' d(i)S] 

^7l^^^^(236)fe 7> c^l^lEl ^^iL '?iS7l(244)i ^3l7]{244)^ ^^iL -^^^ 4-^1 

^^^}JL, H 7ll<ii5j 4i^oH^ xd(i)# ^■a7l(242)'>ll ?^*>t:}. tt^, -^3^ rd(i)# ^l-^^l^lji, :i 

i rd(i)# ^'iV7l (242)^1 

^'^71(242)^? ^^iL rd(i)^ cU^^fir a T^ll^^ ^"^^i^ Xd(i)# ^-a^i-iLi^^^^ 

^171*V -^3^ yd(i)# sfl^idi^^^^^jJf- B(246)^l 21, ^1 '?!^(240)^r i^<^l*H -^^^ rp(i)# 

^]'^^]9]JL, n. ^AS. -^3^ rp(i)# sfl^tii^^^,!^ «- B(246)i 

:sfl\iiS-^^^^Jf B(246)fe ^^^l sM^H -^M: rp(i) 5} "^2: -^J^^ ^^Ji -^1: 7^11 yd(i)# '^l-§-#<^ 4-^1 

^fl^ tt^. ^7lAi SH^^^I^^^IS] f B,d(i)ir ^fl^i3i^ii^>^(234)^l ^^^r:^. 

^fl^i3l¥2i^l-^(234)ir -It^^ rd(i)51 rfl-i-sf-^ ii>l>,l^l ^'^'^^^i^ f B,d(i)# ^'it^'H sjfl^ia^^^ 

a iL-^l-^ ^^iL r' d(i)# ^7l.^3i^Jji-(236)i ^7]7^s^^{236)^ -^l- r' d(i)^ ^ 

^¥7i^j3^# ^■^]^ m^mm. 

^fl^i^-^^^^Jf B(246)i ?1«#JI, ^]^$] .7^E)§ ns)(n : ^}'^^) #4. 

S 23^ .^1 1 ij Al^l^l o^^A^ -I 7 iJAHli^ ^^^^ 5i 23 ^''flAi 

£ 22i4 ^^'Hi rfl^flA^^ H.^^ ^<.ij7, ^ m^^^. 

£ 23^ tJiS?) (244)51- ^a7l(242)£l-Sl X[<>]o\\ 7}#7.1 ^g^J^(248)# ^^\^ s:f:i7 5| 

4. ^'iV7l(244)^ -^^^ 13a. -^l^^ y^^^JL, H 7l)<i5J Xd(i)# 7}^>-l .gA^ H-(248)i ^ 

?*V4. 7>^,^1 Jfo^ Ag.A^H.(248)ir -^^^ ?'2«4:t^I:Xd(i)^l r)l^ 7>^^1 

i# 1-^, 7>#^1 JjLoi ^^j-A^ JjL(248)ir a il ■^#<^1 4et 7>#7,1 ^ Wd(i)l- ^n ^M. 

7>#^^1 Wd(i)51 <as]lS^ afl^ tg^ ^.Al ^i<g zd(i)51 ^# 7^m^JL, H 14 'S'H^^ 

^Js 4^^si v\4^}^ ^# 4^1- ^ ^4. 

5£tt, 4 4--4 ^Jt44^?^ :§144sl4^ cH 4^^^d^HH) alsil^fe 4#4 Wd(i)^ <^l-t-t ^ S14. 51 

443:45^ ttl 4^d]4g^Hl t ^47l 4^4^, 1-^ ^44x4^.^^4 ^iL 4^44^#4^4ui, 

44¥ a44 ^4 ■'il^ Zd(i)4 :i ^11^^44 ?A,d(i)Sl 7i|§^44 43] ^^jl, Nd 41-'^l ^4^ ^ 

54 # 4l14.s.:£ 4-§-44 #4. 

44, 7>^4 4<H 44^(248)1- ^44^ ^"11 4^11 Tflt^ Xd(i)# 4«:'^1^41- ^4^^ 4^ 

514. ^IS #4, 7>^4 ^<Hi- 6"^s *v ^ i 41-^ ?1«:44 #^11 ^4. nmm^^ 22^ ¥^a4ui, 

ZL -^^-^ 4444. 

s 24ir^44^-12l ^1 1 4^HH1 444 4^^^-f-4 4 844^14 44M1^ 1-^£<^14. £ 24^^14 
£ 224 ¥44 ^44^ ¥4 4it #4 Ji, n 44# 4444. 

£ 24^1 ^4^, ¥4^4^(236)4 ^24(244)4 4^1i i2.^444x4 S JJ.#'S^^4i4(250)# 4^14 4# 
^4^^ 4J7 5;itq-. i^#:^:^4Ji4 ?j x4(250)^ J£ 1^ 44\fl ^#^44i-¥-(i43- 1) 

^i^(i43- 2)'>11 tfl-g-*V4. ¥444^(236)^ *^4^ 4Ti ^1- r' d(i)4 ^ifl¥4441- 43i ^il 4 
^4 4 1^144 4^^*4. 

¥444-¥-(236)^ 71- i;-ll4El ^il ^#^^4x4 x4(250)'>ll ^^*V4. -i.#444 

^4 ^ i^^44-¥-i4(250)^ *^4^ ^il 41-4 ^^^^-f J:^ sl'H Si^ 4-?-, 45]1- 43i, 

44 A^^^^5:si-7> 4f-'H44. ^2:4 (244)^ A^^^^3:3:7> <^lf-<H4 4:!i -^1-^ 44 ^^^3.. a 
4 =S-^^^V^ Xd(i)l: ^44(242)'>1| *^44. ^^71(244)-^ s 44^1 ^S^(i43)'H| cfl¥44. a 
4 45]^ €'^^^^^V4. 

£ 25fe f-444^ ^1 1 S144 ^11M^4^4 ^1 9 €4i4 44^^!^ l-^£44. £ 25 ^^^14 

£ 23 ^ s 244 ^-a^r ^^<H1 tflaii4^ ^2* #4:ii, a ^'^^ ^S4«:4. 

£ 254 ^4^, ¥444^(236)4 ^^4 (244)4 4<^1'>1| i^^444i4 i^^44^Ji4(250)# ^443i, ^ 
24(244)4 ^44(242)4 4<^1<H1 7>^4 ^S4^(248)« ^Hl4 4^ ^^^s. ^3. ^4. 7>^4 ^34^ 
(248)^ 5L 231- 4^44 ^^^4 7]-^4 4<^1- A|-g-^<^s ^uf. = Jf^iS) 43: ^Hl ^<H4^ -^l-S) 
445i# 4¥4^5i *4. 4451^4^, #4 44^4 J?-i<^14 hI^^hI ^x-^l^^ 7}4 4Hs^>i4 ^#4-g- 
4 ^ 44. 314, 7}#4 40^ A^ 4 4(248) 4 ^^^^4x4 4 A^^^443:4(250)# 5i 22^1 ^^^^s. 4^4 
^ 4^£1 ¥4'H1 tfl44fe 51 23 4 S 244 4^1 44^^14 4^4:ii S14, a ^'^l- 4444. 
214, 44 4^4 44 4<^1, £ 23 ~ :£ 25'H) 5:144 sfl^^¥^4-¥- B(246)i4 4iL^l-4 4«:^s4J£8 
~ sioi 4°14 ^i^^44 B(130)<H15] ^Ti4«:-^l-4 4s^£ii 44vfl 444*421^(60)4 
l-4-§-4^ *-g-7l-¥44. 

4^4^ 4*4 4*44# ^11^4^7 ^-^4 ^114^^-?-^) tfl«ll 5i 26 ~ je 294 4^1 4444. 
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^, ^tii^i^^l 51^11 ^d*#^r ^*i!J-^# ^l-g-#<^ 7lxl^;^3:^ ^l^^'^l^i ^ 

^ ^5! ^Xir^'^Haft^l (260)^1 4 ^§^<^S. 4Et^i, 4 1 

i?l«7l(260)ir ^5! 4 445^ 4¥<^ ^«J*4S] ^m^^^^ "A ^444^(2 

62- 1 -262- n)^^l ?^tl:4. 

4 ¥«J*i^51 n'i^, 1-^ 5i 27^1 y^^-A ¥^j^| S]^ ^fl^ 7>^*^rt. 5, 27^ 4 ¥«J*i^ 

7^1144 ^fl^^^^^S] a Mi^l ^.Aj^ 441^1^ 1-^5L°14. £ 27 5L 22^1- ^^Jft ^ 

^^4^r ¥i# n ■a'^^ ^S4?t4. 

^-a, ^fl^taW^^^ A (232)^ 4<^1*H -^J^l- Al-^sH ^m^^i^ ?t4. 4<^1*H A^-g-*V sjfl^ Hj-I^ 

^ 4i-4<^l-^i 'a^tt -^1 1 s^Aio^joj o]^ ^AHioflAi ^fl-g-^i-ij «o'-'^<>)<HJ£ #4. 4^ii.^, 

i3l^2i^>¥(234)^ ^M^^^^^IS] -^■aj4:t^ ?A,k,d(i)l- tfl-i-^^ ^iL -^1- rk,d(i)^l ^'il:«^<H sfl^i^^ 

4 4^(236) ^14 ?]rfl^7l7^i^§ *H 7\ no]^ ^^^4. 7> r^flolEl ^ 

5L 26<^1 ^141^*4(264)^ ^^sl4. 

1141^*4(264)^ 4^5] JfiiV^45) 7^)<i# '^4t'S«: ^-"^ *V4^ ^-is =L *V4^ ^ 

i^^^^^4i4 ^ i^.^^M^Jf^7l(266)'>l| -^^§b4. iL^^^4Jl4 ?J i^^^^-f-J:7l(266)^ *V4 

^ 7^11<^1 ^^^^^^4^1: '?lS7l(268)i 1-^ 44 

131^4(268)^ 44^1 7^11# 4^1 i^.^fl3l3Jf^5F -^Sl- *H 4'Sti€«:4(270)'Hl *^^4. 4^^! 
131*71(270)^ 44^1 7111^21 -Ir'^^^ik xk,d(i)# z) ■il^*«^Jl, 4 -fS]:*4 44^ n^s. 4^*1 -ftv 

:3HiJ^.-gJf ^444-ijL(262-1 ~262--n)i 4*-?l-4. 
¥4*4^ sll^^^.l^Jf ^ ^7]7^s[^(262- 1 ~262--n)4 ^^4(242}^? ?1*^ ^'^il^it^ xk,d(i)# rH-i-4^r ^ 
4 -^#^1 ^44^ ^^'-^^^ .i7l*Vyk,d(i)# ^3^^tt4. 

7flMi?i^^^^J?- B(246)ir t^iS^^^ 4>14yk,d(i) ^ 4<^1*B ^Ir^) ^a] s]]^ ^^^^ ^>4. ^fl^^ 

^^-iJf B(246)ir ¥4 sfll^l3 ^121 -^'^^±ik ^'B,k,d(i)l- ^fl^i€¥iLW234)'Hl *^^4. sfl^^-^i^-f (2 
34)ir SH^^^1^,^1J21 -^<2«44i?J: ^ B,k,d(i)# 1^^- ^l" rKd(i)'>l| *^4<=^ ^11^^* 4j1, ¥4^4-¥-(236) 

i4 4c}1^444# ^SLS.''^] ^^]B] 4^^444 ^^^A^. 

o]s\. y^o] ^o]^ ^.^j^ Am.^ ^rfls #'^4'H5L ¥'!j-43I, sfl^^^:^^^^^ 8(246)^1 ^*4J1, ^fl^ 
^ 4^1l¥7l7d42| -U^^i] A1?-|# nSl(n : 4<?!4^) 444<H£ #4. 

£ 28^ f-4445] 4 1 MAHioii o^cvjAi sri.^^^-¥-51 ^1 11 ^^li^l ¥^^# 44^fe l-^s°14. £ 28 

£ 264 ^44 ^^^] rW4Tr ^4 ^<^U-I1, ^'^^ ^^*V4. ^ 282] ^t] 44^5] -f t^*4^1 

2]^ i-t 4*4^ 4^-4#4 4*ao'-^-l# <^l-g-4<^ 44^3i^ <^1^^^H|a-i :f *v ^ ^-^■''11 ^fl^^^^5] ^fl 9 

lAi^lAi 3H-§-4fe 44 ^'-^ 2i-g-4 4<^14 

4^4*4 4*tAi5]| ^7l^j4# 471 ^^4fe, 4 -¥-4*4 44 ^11^ t €iL4 Si4. ^7l4, 4^ 
4 451 4xir 3l'^1i4*7l(260)'Hl ^^s\jL, 4 ¥4*421 1^¥iiS ¥5l4<H 3]114* 44. 444, ^l^^t 
i?i44(260)ir ¥4 45!# 4 ¥4=$^4 442] Tflt^ 4^^°] ¥4*42] ^^^'^^^ 4 ^444¥(262- 1 

~262-n)i ^^44. 

4 ¥4*42] 7114^, ^It 1-4 £ 29'>11 444 ¥^i^^l 44 ¥'l5# 4¥ ?4<^1 4^44. 5i 29ir 4 ¥4*4 
7im44 44 ¥^^# 4fe 44¥4¥2] ^€4^12] ¥^^# 44^^]^ #^S<^14. S 29 £ 274 ^^^4 ^ 

^*fl4^ ¥J:l- 1:431, ^^m. 
-f^d, 44 *H A>^4<H ^11 ^V4. 44 *H 4-§-^ ^H^^^ U-^g^ ^7H14 ^11^^ 

^^5] ^1 1-^1 s^Ai^Hi^ ^Ai<Hi<HiA-i ^ii-§-^^ ,ivi^<.i<^£^r^. 4^^^, ¥^4 m^^^]^ 

?A,k,d(i)# tfl-S-4fe ^1- rk,d(i)'>ll *^4<H ^fl^i€¥ iL-S-^ 431, ^tfl^7l^Bl-l- 44 ^il -^#4 7> c-fl 

44 ^^€4. 71- i;-ll<^lE| :iiL ^^-^ J£ 292] 4 1^*4(264) '>ll ^^€4. 

'i4tiS«:4(264)fe ^4*44 Tfll^ 1141^* 44 44^ n^s. ^*43i, a 442] Tfll^ 

i^#^^^3:4 ^ J^#^^^5:4(266)<H] *#*4. ^^^^^27] ^ A#^^^3:7](266)-& 442] ^] 

^^^^4x1- 44 4^4 (268) i #^*V4. 

4^4(268)^ 44^ Tfll^ 4^1 ^#^^^2^ 431 1^2:1: e]-<^ 7>^^1 ^^^^{272)'^] *^^4. 

7>^4 ^S^J^(272)^ 311^^^^2] ^] 7 ^ ^] 9^4^]'H14 ^11^4^ 7>^^1 S-jS]* 4fe¥'^J<^l'^S # 

4. 7>^4 ¥<H ^S^-¥-(272)^ 71-^4 ¥<H7> 4^44 442] ^-i^ ^'^^rt^ xk,d(i)# 4'St4*4(270)^ 
*^44. 4'S14«:4(270)fe 442] Tfll^ *^44i^ wk,d(i)xk,d(i)l- 4^^ t4«:«fl4 4 ^4*4 4 
42] Tllli^ 4¥<^ ¥4*421 44¥^¥ 4 ■^444¥(262- 1 -262- n)'Hl 4444. 

¥4*42] 44¥^^¥ 4 ^444¥(262- 1 -262-n)4 *47l(242)fe ?144 ^'^4:^4 wk,d(i)xk,d(i)# ifl* 
4fe ¥4 -^^i *44fe 4i 214 4S4¥# 444yk,d(i)# ^5444. 

444^¥^^¥ 8(246)-^ 4S4¥1- 444yk,d(i) 4 4<^1*H ■'^^7} ^^43i, 44 44 ¥4# 44. 444 
*¥^^¥ 8(246)ir ¥4 44¥^^421 ? B,k,d(i)# 444*iL4-^(234)i ^^44. sil^4¥TiW2 

34)^ 44¥^^421 ^-^^^ii^ f B,k,d(i)# 4ii 1]1- rk,d(i)i *444 ^l]^4-^# ^1]^4-^ iL^T-^ 431, ^4 
44¥(236)oll 4tfl^7)441: ^SLS.^ t:^]44 4^447> '?3<^44. 
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o]s^ 7^0] ^o]^ ^y^:^ ^itfl^ ^^^JL, ^^^^^^^ B(246)i ?1«#JI, 4^ 

^ m^yWS] ns\in : :^}'^^) tij-4#<^5i 

i^^, ^d*^ji5] ^?^iai<^i jL^^^^s] 7}^m] m. ^^^^A 

# ^^J^>^1<^1 ^^l-S-^i-iLS-J^I 7A^^As.^ ^^^i^] ^'Si'-] ^^^<^] 7}^?t ^^J^i-^1# €«t ^ 

^i^^-^^^S] €-^1^151- ^fl^^^^^S] ^Aj^l 7>^i:^l AV-g-^HS ^"ol-^t ^it ^iS- 

-it ^iS-S ^, £ 12, £ 13, 5L 15, £ 16, 5L 18 ?! £ 19£|- ^Ml 4<^1*H -^Jl:^ ^^^J- 
€^*^5i4^d, tr^^H-SilS ^Aj.Aj^^i rf^s)<H £ 3 ~ 5i 104 t^l ^'^^ ^ 

<^l-§-t ^ SJM. 44^i, 5i 11, £ 14, 5i 17, £ 20 ^ £ 214 t^l -g^^V s]fl^t3i^^:^^(21 4)(220)( 
222) (224) (226) ^g^S)fe s^oJ^h ^J^^ ^^^^-^ e]- ^g^t^Jj^HlS <>l-§-t ^ m. 

^ t^-^^ 5]^ ^^^m ^ 2 ^^M^ ^d^^^^. ^^^^13] Tfl 2 ^Al^lHlA]^ - 11 ~ S 214 ^ 

^1 4<^i*H ^s^^Ji'-ii ^fl^^v^a^i, ^11^^^^ ?j ^s^^jj^^i 

-it ^^7} aii^. 

Al-^l 

71 ^^i ^^As\^ 41x^1 £^5l^ 4 Bl-<^1'?^# 3^<^1*H <^l-g- 

*M 4 ^H^-^i^^ ^^^^^ m^^^ ^'-^<^) 

^1-71 ^^^.s.$] ^d4^S# 7i^Ai :^Ajs]i. Aj^i s.^s\^ Pi SI ^i^;5i ^^a-^ 5F<.i^B Ai^^ Af^sflAi 4 

^^^^i^ E}<^l-J# 7^##^ ^1 1 ^s-t^^ ^^14, 

^1-4 ^1 1 4S^^J] ^^1 ^i, 4V| t5l4 ^-S-^j 4<^15B .srJ^^^^'-^^^ffe ^1 1 ^fl^^ 

^?^14, 

^>4 ^1 1 ^s^^J] ^7^1^14 ^d#^ E}^!'^], ^, ^1 1 ^fl^^i^ tMl^l 44 4ii 7l;£4ir 4 4> 

4^ tB^4 445] 4<^15?B <^l-g-4<^i 4 4j^-^J^5] 4<^1"J# 4#4fe 4 2 4i£44 4?^14, 
471 4 2 4S44 4?11'>1I4 ^^#4 4<^l'^Ji 44. 44 4 1 44^^^ 4711 <HI4 42:4 43:<H1 7la4fe iL -^It 
4 4451 ^i6l4 444 4<^1*B1- 4-§-4<H ^fl^^fi*!- ^^4^ ^1 2 ^fl^^^ 4?11# it 4^ 4^^^ 
4^. 

7. 

44 
44 

9 

4 64^1 4<H4, 

44 41442 44^^^ 47^1ir, 44 ^Isl ^iBl4 44^1 44*H •^jl-4. *4«^S^e1 4^ ^ 
5Ji i44^r 44 *H 44^4# ^4^r 44^4 41^. 

44 
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^^^14. 

^71 2 ^11^^^ ^n^. ^ 1 ^fl^^^^i S.^^JL, nm^^^s. -^^S^El 7} zi 

-^^^ ^^^^^ 7} n^]^] -^i-^s^j 

^1-71 7} c^l^iEi ^:§:§iL -^31: ^-^^ ^^Ife, -^T-?! 7> z^<^]^ :a:^^Ti -^l-^Hl iq-s 7>^^1 ^^^^f- 7> 

^1-71 7} c^l^lE^ ^^^^ 4]!: ^^^d ^cl-^] 7)- ^^^^^S. -^l-i ^S]£oil rtf^ 7> 

^^1 ^'Hl- 7>^Ai ^5]!- i^si-^ U-'S. 
^^1!- 20. 

^1-71 r+f^^SSl 7^14-^5.1-71^ ^-^15]^ o|5j Bf^l^H ^J^l" <^l-§-*M 4 

^1-7] ^1 1 ^S-g-^Jj^i^i 7j#€ El-olT.joll tthe]- .Al^6l| 7]^^ -^4 ?J 4>7l PlE] ^^5] Bl- 

21. 

^1-71 711 2^^^^Jj^'>l|^i f^^^l'^]^! 44, ^>7l Til 1 xfl^*,-.jH-6llAi .Al^6ll 7l^*^i^ ^l^i ^ ^71S| 

^s^El^ ^4^^ 4<^1*.H <^l-g-4<^i ^H^-^i^^ ^^^^4fe Til 2 ^-"^^^ 4fe ^Al^^^l 
22. 

^121^><^| Sl^-^i, 

^1-71 711 1 7fl^^^j^ir, ^41 5H5ii S.t5\^ Pi 2] 'tsl^ ^<^1*B fl^st-^ 44 *H ^1- 4 ^^4, 

4-4 fl^4 44 *H -^l-^ Tjlisfl^ tge>^ 4^ ^^^>^1. 

23. 

^121^><^| SX'^^l 

44 711 2 7fl^ ^^J^^r, Til 1 ^4^4 ^^M^^] 44 sfliiiii^l- a.^^4Ji, n 214^4 4#s^^1 
7> ^^]^] 444iL -^1-^ ^344^ 4 ^'^]^] 4^ij4iL 41 ^54t^4, 

471 7} i;^i44 4^^^^iL 411- 4 -§-44 t^iS^^l- 7|)4?t ^iL 41:# ^44:ii. 471 4^1^^ 41 ?i ^^i^ 4 
1# <^l-§-4^ Til 24 ^fl^ ^^^1- 4^ 

24. 

^I224i 5144, 

471 4<^1*H 41 471 ^4 43: 'HI S?-^ ^St^^n- ^tijr^j^ ^^^s[. 

^>4 4^51 -fiiV^3^ 44 44^51 4Bi ^^vg^^ 44 *H 41# ^^4^ 44 *H 41 ^^^1- 4 

4i, 

471 ^1 1 ^ 7)1 2 ^11 ^^^^fe, 4-4 ^^4 44*B1- 4-1-^4 ^«J*4 44 ^11^^^^ ^§4^ ^4^1-4. 
25. 

4^1 

26. 
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27. 

^4 

28. 

29. 
30. 

^^^31. 

-§-*H x|| 2^fl^^^ S>4s^<^ ^s^^Jj ?J ^fl^^^# 

32. 

33. 

34. 

35. 

^^f - 36. 

.^Jipj-Afl ^ ^tfl^^^^^ii) 3i<Hj£ ^i:}^ ^s.^^A ■ ^m^^i 

s>4*H ^s^^jj ?j ^fl^^^# m^^s. ^^^^i. 

^^^^ 37. 
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(57) ABSTRACT 

Acommunication device includes at least one of path search 
means for delecting respective timings of path components 
included a signal received via a multipath propagation path 
usiiig pilot symbols of a known phase included in said 
receiwd signal and chanael estimalion means for estimating 
channel variatioin using the pilot synobols. The path search 
means includes a first path search part for detecting respec- 
tive i-imi'Tigs of path components using pilot symbols and a 
second path search part for detecting respective timings of 
path componenls using information symbols derived from a 
signal demodulated according to the timings detected in the 
first path search part and pilot symbols, The channel esti- 
mation means includes a pilot symbol acquiring part for 
acquiring pilot symbols included in (he received signal and 
a channel estimation part for implementing channel estima- 
tion using the acquired pilot symbols. 
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PATH SEARCH METHOD, CHANNEL 
ESrriMATION MKTHOI) AND COMMON ICA I ION 
DEVICE 

TECHNICAL FIELD 

[0001] The present invention relates to a path search 
method, a channel estimation methal and a commuuicatioa 
device, and partictUady relates to a path search method used 
for KAICE teceptvon, to a cominuaicatioii device using such 
a path search method and to a chaoDo] estimatioD method for 
estimating channd variation and a cotnniunication device 
using such a channel estimation method. 

BACKGROUND ART 

[0002] Recently, CDMA (Code Division Multiple Access) 
system has become oue of the mobile communication sys- 
tems of a greater interest. CDMAsystem is a cotnmiuiicatioti 

technology based on Spread Spectrum technolc^. 
[0003] Generally, in a mobile communication environ- 
ment, siQce a signal IraDsmittcd liom a transmitter reaches 
to a receiver via a plurality of propagation paths, i.e., a 
so-called a multipath propagation path, a received sipial is 
composed of a sum of multipath signals. ITierefore, the 
received signal is composed of signal components having 
various time-of-arrivak, amplitudes and phases. 

[0004] When a communication bciwecn a base s( ation and 
mobile stations is based on CDMA, a so-called RAKE 
combining reception is po.s.«'hlc, in which a signal received 
via a multipath propagation path Ls resolved into path 
components having different delay times and then combined 
after cophajsing, Improved transmission characleristivs of 
the RAKE combining reception rtiay be ach icvcd by improv- 
ing a desired signal-to-power ratio against interference and 
thermal noise , Therefore, one of the most important tech- 
nologies in the CDMA system is a path search method for 
detecting multipath timings with a considerably high accu- 
racy for resolving into path components in a proper manner. 
[0005] An example of a proposied prior art path iiearch 
method may be found in an article "Path-Search Perfor- 
mance of DS-CDMA System in Laboratory and Field 
Experiments (Aoyama, Mizuguchi, Yoshida and Atokawa: 
The Technical Research Report uf the Institute of Electron 
ics, Information and t.'ominunication Engineers. RCS 
97-164, pp. 51-58, November 1999)''. 
[0006] According to this proposed path search method, 
timing detection of a path is implemented by perfortning a 
correlation calculation proctiss, an averaging process of 
correlated vahies, and a p«ali detection proc6.s.s, u,sing pilot 
symbols of a known phase which are periodically inserted in 
a received sip,nal. In rhe correlation cnlcul.ition process, in 
order to derive a .symbol correlation value, a despreading 
process is performed by multiplying the pilot symbols of the 
received signal by a spread code. Further, based on the fact 
that the phase of the pilot symbols is known, the above- 
mentioned symbol correlation valties are summed after 
cophasing, aiid then the values obtained flrom the summation 
after cophasinjj are power-stimmed for a fixed time duration. 

[0007] LIsing a sequence of symbol correlation values 
(instantaneous delay profile) extracted by the above-de- 
scribed processes, a peak detection process is implemented 
for selecting paths available for RAKE combining. First ol' 



all, a path having the maximum level selected as a first path 
from the sequence of symbol correlation values. Then, a.s a 
second path, a path having the maximum level is selected 
from the symbol correlation values having a timing at a 
distance of more than at least r-chips of spread codes 
separate from the timing of the first path. Path selection is 
implemented in a similar manner for a third path and so on. 

[0008] A further path search method of a prior art is, for 
example, proposed in an article, "Experiments on Path 
Search Performance of Coherent RAKE Receiver for 
W-CDMA Mobile Radio (Fukmnoto, Ohkawa, Andoh, 
Sawahashi and Adachi; The Technical Research Report of 
the Instilulc of Electronics, Inlbrmation and Communication 
Engineers, RCS 9K-30, pp. 41-48, May 1998)". 
[0009] According to the proposed path search method, 
pilot symbols within a single slot are summed after cophas- 
ing to derive an instantaneous channel estimation value, and 
then the channel estimatinn values of sucoestave two slots 
arc cophascd, summed and squared, so as to extract an 
instantaneous power delay profile. After extractir^ and 
averaging instantaneous power delay profiles of a plurality 
of slots, upper N paths having greater signal powcjs within 
the averaged power delay profile are regarded as a desired 
signal, and the power obtained by averaging the remaining 
paths excluding the upper N paths is assumed as a noise 
power Pn. 

[0010] A power level of a factor of M of the noise power 
Pn is taken as a threshold vahie for path selection, aiKl paths 
having signal powers exceeding this threshold are selected 
AS paths of RAKE oombining. 

[OOU] However, the above-mentioned path search method 
applies to a circtiit-switchcd system in which, for a com- 
munication between mobile .stalions and a base station, 
signals continuously exist througliout a period from the start 
to the end of tr ansmission . 

[0012] Therefoie, as in. the case of signal transmission 
based on packets, in which the signals do not exist continu- 
ously but are transmitted intermittently, the above-men- 
tioned path search method may give rise lo a problem that 
an averaging process in a fixed period of time cannot be 
implemented and thus resulting a reduced path search accu- 

[IM)I3] Now, for a mobile communication system, a phe- 
nomenon called fading may occur due to a change in the 
relative position lietween a mobile station and a ba.se station. 
Fading is a phenomenon in which an intensity of the 
received electric field temporally changes according to tlic 
state of a medium serving as a passage of an electric wave. 
Dtio to the fadiug phcnoiiieiiou. the signal are received with 
Ihcir amplilucic nnd phase being varic:l Th.:n;IV,r:;, for .m 
absolute coherent detection system in which information 
symbols are demodulated from absolute phase of the 
received signal, it Ls necessary to provide a method of 

I.e., a so-called ebimnel variation, and compensating the 
channel variation. 

[0014] Cunvenlionally, as a channel estimation method for 
implementing absolute coherent detection, a method is pro- 
posed which uses pilot symbols having known phase. 
According to this channel estimation method, the pilot 
symbols having known phase are transmitted by being 
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periodically multiplexed with the transmitted signals, and at 
the roooiving ond, Ihi. i-hannol Vdudtxm of Ihc rcoeivcJ 
signal IS «Sjtimated usina: the pilot signals. Then, based on the 
result of" the estimation, a channel variation of information 
symbolsother than the pilot symbols is estimated, tjeneraliv, 
the channel variation ol infomiation symtiols can be esti- 
mated by temporally interpolating the channel vanatioo 
obtained from the periodically inserted pilot symbols. 

[0015] For example, lu the article "/\n Analysis of Pilot 
Symbol Assisted Modulation for Rayleigh Fading Chan- 
nels" (J. K. Cavers; IEEE Transactions oil Vehicular Tech- 
nology, pp. ri86-r)M, vol. 40, no. 4, November 1991)", a 
oaethod is proposed in which an auiouxil of channel variation 
between pilot symbols is interpolated using a Wiener filter. 

[0016] Also, in the article "Kayleigh Fading Compensa- 
tion for QAM in Land Mobile Ratio Couununications" (S. 
Sampci and T. Sunaga: IEEE Transactions on Vehicular 
Technology, pp. 1370147, vol. 42, no. 2, May 1993)", a 
chaDoel estimation method is proposed in which a low-level 
Gaussian interpolation is used for interpolation. Other meth- 
ods, such as those using linear interpolation, are also pro- 
posed. 

[0017] Also, in order to improve an accuracy of channel 
estimation, a method is proposed in which an absolute 
coherent detection is implemented using only the pilot 
symbols, and the tentative data decision Information sym- 
bols are remodiilated and fed back. After that, the received 
signals are multiplied by the complex conjugate of the 
Ibd-back symbols, and modulation compooenis are removed 
to generate non-data modulated information symbols, and 
these symbols as well as the pUot symbols axe both used for 
impkincDling chanud estimation in a repeated manner. 
[0018] Such a method is, for example, described in "Sym- 
bol-Aided Plus Ded.sion-Directed Recepuon for PSK,TCM 
Modulation on Shadowed Mobile Satellite Fading" (G. T. 
Irvine and P. J. Mcl .ane: IEEE .lournal on Selected Areas in 
Communications, pp. 1289-1299, vol. SAC-lO, December 
1992)". 

[(W19] Also, in order to reduce the data decision error of 
the tentative data decision information symbols, a method is 
known in which the information symbols are performed 
aflcr error cturecLion decoding process. In ihis case, lenla- 
tive data decision is implemented after absolute coherent 
detection using only the pilot symbols and after an error 
correction decoding process, 

[0020] For example, such a method is described in "Per- 
formance of Coherent Detection with Decision Feedback 
Inletpolation and Viteitoi Decoding on DS/CDMA" (Azuma, 
Taguchi and Ohno: I'he Proceedings of the 1994 Autumn 
Conference of the Instiliite of Electronics, Inlbrraation and 
Communication Engineers, B-M(5", 

[0021] However, the above-mentioned channel estimation 
method using pilot symbols is aimed for use in a situation 
where channels are always assigned by a circuit-switched 
system during a communication between a mobile station 
and a base station and signals are continuously transmitted 
and received. 

[0022] However, with a packet wireless access system in 
which information symbols are transmitted/received in a 
format called packets, signals are intermittendy transmitted 



and received during the communication between a mobile 
Atalion and a ba.se station, 'lliat is to say, the pilot symbols 
caimot be periodically multiplexed as in the case of the 
circuit-switched system. 

[0023] Also, with the above-mentioned channel estima- 
tion method which uses both the pilot symbols and the 
information symbols wherefrom the modulation compo- 
iieiils are removed, the tentative data decision information 
synobols ate remodulatcd and are all fed back. However, in 
a mobile communication system, since the reliability of the 
received signal varies due to noise, interference signals, etc.. 
It IS not preferable to remodulate the tentative data decision 
infotination symbols and feedback all of them. 

DISCLOSURE OF THE IN VEN'nON 

[0024] Accordingly, it is a general object of the present 
invention to provide new and useful path search method, 
channel estimation method and communication device in 
which the above-mentioned problems ace eliminated. 

[0025] It is a flrst and more specific object of the present 
invention to provide a path search method which can be used 
for RAKE reoepdoa and can implement high-accuracy path 
search irrespective of the continuity of the transmission 
signal and a communicatioa device using such a path search 
method. 

[0026] It is a second and more specific object of the 
present invention to provide a channel estimation method 
which can implement high-accuracy channel estimation 
irrespective of the continuity of the transmission signal and 
a CDmmunication device using such a chatmel esdmatbn 
method. 

[0027] It is a still another object of the present invention 
to provide a path search method for detecting respective 
timings of path components included a signal received via a 
muUipath piopagation path, the method including the steps 
of: a first path search step for detecting respective timings of 
path components using pilot symbols of a known phase 
included in the signal received via the multipath propagation 
path; and a second path search step for detecting respective 
timings of path components using information symbols 
derived from a signal demodulated according to the timings 
detected in the first path search step and the pilot symbol of 
a known phase. According to the path search method of the 
present invention, since respective timings of the path com- 
ponents are detected by searching a path using pilot symbols 
of a known phase, and timings of each path component are 
detected again using the information symbol derived from a 
signal demodulated according to (he thus-obtained timings 
and pilot symbols of a known phase, the path search 
accuracy can be improved. Thus, the above-mentioned irst 
object of the invention is achieved, 

[0028] In view of an aspect that it is efficient to firstly 
implement path search using pilot symbols of a known phase 
and then implementing path search again using the result of 
the path search and using the pilot symbols and the infor- 
mation symbols, in the path search method describeil above, 
the information symbol* derived from the signal demodu- 
lated according to the timings detected in the first path 
search step may be generated by: desprcading the signal 
received via the multipath propagation path according to the 
timings detected in the first path search step; cophasing and 
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summing the ioforaiatioD symbols despieaded acooiding to 
the KKpective path timingf; in a symbol by symbol manner; 
demodulating the cophased and summed respective infor- 
mation symbols and implementing data decision thereof; 
and remodulatiog the data decision signals. With such a path 
search method, dosprcadiog is implcmcnlcd according to the 
timings detected in the first path search step, the result of the 
desprcading process is ctiphased and summed, and the 
cophased and summed information symbols ate demodu- 
lated. Also, a cophasing aod summing operation may be 
carried out by, for example, RAKE combining. By remodu- 
lating the demodulated signal and feeding back and using it 
in the second path search, respective tiaiing^ of the palb 
componeals may be detected with an increased accuracy. 
[(Kt29] In view of an aspect that the modulated information 
symbols having relatively high reliability are selected and 
used, the information symbols derived from the signal 
demodulated according to the timings detected in the first 
path seardi step are selected and fed back such that infor- 
mnlinn symbols satisfying a pr*-de'r.''mirH-.d (.'ondilion ere 
selected. Accordingly, since modulated information symbols 
having relatively high reliability are selected and used for 
path search, respective timings of the path components may 
be detected tvilh an increased accuracy. 
[U(J30] la view of an aspect that accuracy is improved by 
repeatedly implementing path search, in the path search 
method described above, the second path .search step may be 

repealed until a predetermined condition is salislicd. 
Accordingly, implenicnlitig demodulation again usii^ liie 
path search result of an improved accuracy, the data decision 
restilt accuracy may be improved, 'llieii, by feeding back the 
data decision result of an improved accuracy and repeating 
path search again, the path search accuracy is further 
improved and results in a further improvement of the data 
decision result. 

[0031] In view of an aspect of extending the field of use, 
in the path search method described above, the signal 
received via the mullipath propagation path may be trans- 
mitted in accordance with a multicarrier code division 
multiplex system. 

[0032] If is still another object of the present invention to 
provide a channel estimation method for estimating channel 
variaiion using pilol symbols, the mettuid incluiling: a pilot 
symbol acquiring step for acquiring pilot symbols of a 
known phase included in a received packet; and a channel 
estimation step for implementing channel estimation using 
the acquired pilot symbols. Accordii^j to the channel esli- 
mation method of the present invention, by using the pilot 
symbols of a known phase for channel estimation, a high- 
accuiacy channel estimation is possible irrespective of the 
continuity of the transmission signals. Thus, the above- 
mentioned second object of the invention is achieved. 
[IMI33] In the channel estimation method described above, 
the pilot symbol of a known phase may be time-multiplexed 
on the packet. In such a case, the pilot symbol of a known 
phase may be transmitted by time-muitiplexiog it on the 
packet - 

[0034] In the channel esliinatiou method described above, 
the pilot symbols of a known phase may be code-multi- 
plexed with the packet. Thus, the pilot symbols of a known 
phase may be transmitted by code-multiplexing it with the 



[0033] In the channel estimation method described above, 
the channel eslimalion step implements channel estimation 
by combining the pilot symbols of a known phase and pilot 
symbols included in other packets transmitted from the same 
transmission source. Thus by implementing channel estima- 
tion by combining pilot symbols of a known phase and pilot 
symbols included in other packets transmitted from the same 
transmission source, channel cstimatioa accuracy may be 
improved. 

[0036] It is a further object of the present invention to 
provide a channel estimation method for estimating channel 
variation using pilot symbols, the method including; a pilot 
symbol acquiring step for acquiring pilot symbols of a 
known phase included in a common control channel in a 
muUiplexed manner; and a channel estimation step for 
in^lementing channel estimation using the acquired pilot 
symbols. According to the channel estimation method of the 
present invention, since the pilot symbols of a known phase 
included in a common control channel in a multiplexed 
manner can be used for channel estimation, a high-accuracy 
channel estimation is pos.siblc irrespective of the continuity 
of the transmission signals. Thus, the above-mentioned 
second object of the invention can be achieved. 
[0037] In the channel estimation method describe above, 
the pilot symbols of a known phase may be time-multi- 
plexed with the common control channel. In such a case, the 
pilot symbols of a kttown phase may be transmitted by 
limc-miilliplexing it with the packet. 
[0038] In tlie channel esdmation method describe above, 
the pilot symbols of a known phaise may be code-multi- 
plexed with the common control channel. In such a case, the 
pilot symbol of a known phase may be transmitted by 
ccKle -multiplexing it with the packet. 
[0039] In the channel estimation method describe above, 
the cbannel estimatioo step may implement channel estima- 
tion by combining the pilot symbols of a known phase and 
pilot symbols included in other packets transmitted from the 
same transmission sourc-c. Accordingly, by implementing 
channel estimation by combining the pilot symbols of a 
known pha.se and pilot symliols included in other packets 
transmitted from the same transmission source, channel 
estimation accuracy may be improved. 
[0040] It is a further object of the present invention to 
provide a channel estimation method for estimating charmel 
variation using pilot symbols, the method including; a lirst 
pilot symbol acquiring step for acquiring pilot symbols of a 
known phase included in a packet and in a common control 
charmel in a multiplexed manner, a second pilot symbol 
acquiring step for acquiring pilot symbols of a known phase 
included in the common control channel; and a chamiel 
e^imation step for implementing channel estimation using 
the acquired pilot symbols. According to the channel esti- 
mation method of the present invention, the pilot symbols of 
a known phase included in the received packet and in the 
common control channel in a multiplexed manner may be 
acquired at the receiving side. Therefore, by implementing 
channel estimation using the pUfH symbols of a known pliase 
included in the received packet and in the common control 
channel, channel estimation accuracy may be improved. 
Thus, the above-mentioned second object of the invention 
can be achieved. 

[0041] It is a further object of the present invention to 
provide a channel esdmation method for estimating channel 
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variatioD using pilot symbols, the method induding: a pilot 
symbol acquiring step for acxjuiring pilot symbols of a 
known phase included io a received packet: a tentative 
channel estimation step for implementing tentative channel 
estimation usiria the acquired pilor symbols; a tentative data 
decision information symbol generating step for compen- 
sating lor tlic channel variation in accordance with a result 
of Uie icniativc channel csuoiaiion and generatiog a tentative 
data decision infoimalion symbols from tfae compensated 
information symbols; and a channel esUmalion step for 
generating an information symbols whcrefrom modulation 
components are removed using the tentative data decision 
information symbols and implementing channel csiimation 
usmg the pilot symbols and information symbols. According 
to the canncl estimation method of the present invention, 
tentative channel estimation is implemented iismg pilot 
symbols and then channel estimatitiri is implemented usiiin 
the pilot symbols and intbrmation symbols. TTius, the above- 
mentioned second object of the invention can be achieved. 

[(KM2] In the channel estimation method described above, 
the tentative data decision information symbol generating 
step may include a weighting process for weighting the 

tentative data decision information symbols according to the 
reliabihty, Accordingly, by implementing a weighting pro- 
cess for weighting the tentative data decision information 
sytnbols according to the reliability, the channel estimation 
accuracy can be improved. 

[(KM3] In the channel estimation method described above, 
the tentative data decision information symbol generating 
step may include an error correction process for error 
correction decoding of the tentative data decision informa- 
tion symbols and error correction encoding again. Accnrd- 
inj^ly, by including an error correction process for trior 
correction decoding of the tentative data dedsion informa- 
tion symbols and error correction encoding agam, the cban- 
oel estimation accuracy can be improved. 

[0044] in the channel estmiation method described above, 
the tentative data decision information symbol generating 
step may include a weighting process lor weighting the error 
correciiun coded tentative data decision information sy m- 
bols according to the rehabilily. Accordingly, by weighting 
the enor correction coded tentative data decision informa- 
tion symbols according to the reliability, the channel esti- 
mation accuracy can be ftirther improved. 

[0045] It is a further ob.jcct of the present invcntiou to 
provide a cbaonel estimation method for estimating channel 
variation using pilot symbols, the method including: a 
subcarrier acquiring step for acquiring a plurality of subcar- 
ricrs included in a received packet; a pilot symbol aoquiiing 
step for acquiring a plurality of pilot .symbols of known 
phase included io the plurality of subcarriers, respectively; 
and a channel estimation step for implementing channel 
estimation for each of the subcarners using the plurality of 
pilot symbols. According to the chaiuiel estimation method 
i.)i'lhe present invention, such a melln»d may be applietl to a 
iiuilticarrier iratismissiou system since a plurality oC pilot 
symbols of known phase included in the plurality of sub- 
carriers, respectively are acquired and channel eslimalion 
for each of the subcarners is implemented using the plurality 
of pilot symbols. 



[0046] As has been described above, the pilol symbols of 
a known phase multiplexed with either the packet or on the 
common control channel can be used in the above-described 
path search method. 

[0047J It ift, a further Mbjccl ul' iho pris^'nt invi,;,i)iOii )■» 
provide a communication device including: path search 
means for detecting respective timings of path components 
included in a received signal received via a multipath 
propagation path using pilot symbols of a known phase 
included in the received signal; and charmel estimation 
means for estimating channel variation using the pilot sym- 
bols According to the communicoton device of the present 
invention, the above-mcniioncd first and second objects ot 
the invention can be achieved. 

[0048] The path search means may include; a first path 
search part for detecting respective timings of path compo- 
ncnls using the pilot symbols; and a second path search part 
for detecting respective Timings of path components using an 
information symbols derived from a signal demodulated 
according to the timings detected in the first path search part 
and the pilot symbols. In such a case, respective timings ol 
the path components can be detected with a high-accuracy, 
llius, a commimication device capable of performmg high- 
accuracy KAKJi combing reception can be realized. 

[0049] Ttie channel esliniatiiHi means may include; a pilot 
symbol .'icqniring part for acquiring pilot symbols included 
in the received signal; and a channel estimation part for 
implementing channel cstim.ntion using the acquired pilot 
symbols. In such a case, a communication device capable of 
performing high-acciuracy cliannel estimation can be real- 
ized irrespective of the continuity of the transmission se- 
rials. 

[0050] The channel estimation pan may include: a tenta- 
tive channel estimation part for implementing tentative 
channel eslimatiun using the acquired pilot symbols; a 
tentative data decision information symbol generating part 
for compensadng for the channel variation in accordance 
with a result of the tentative channel estimation and gener- 
atuig a tentative data decision information symbols from the 
rampensaied information symbols; and a channel estimation 
pan fur generating inforiuatioa symbols whcrefrom modu- 
lation components are removed using the lentalive data 
decision information symbols and implementing channel 
estimation using the pilot symbols and information symbols. 

[0051] The pilol symbol acquiring part may include; a 
subcarrier acquiring part for acquiring a plurality of subcar- 
riers included in the received signal; and a pilot symbol 
ac<iuiring step for acquiring a plurality of pilol symbols of 
known phase mcluded in the plurality oC subcarriers, respec- 
tively, and, the channel estimation part may implement 
channel estimation for each of the subcarriers using the 
plurality of pilot symbols, 

[0052] It is a further object of the present invention to 
provide a communication device for implementing path 
search for detecting respective timings ot path components 
included a signal received via a multipath pr(.>pagation path, 
the device including: a first path search part for detecting 
respective timings of path components using pilot symbols 
of a known phase included in the signal received via the 
multipath propagation path; and a sec-ond path search part 
lor delecting respective liming?; of path components using 
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mtormation symbols derived from a signal demodulated 
du-orJing hi tht tiininj;s dclwcl^d m the (irsi path sc'arv.h step 
and the pilot svnibols of a known phase. According to the 
commuTiieatioii device of the present invention, the above - 
mLnlifinul lirsi t b|<,U ot Ihi. invent on tin bi, <Khii.\cd 

[0053] Ii IS a further object of the present invention io 
provide a comttiuaicalion device for implementing channel 
estimation for estimaUng channel variation using pilot sym- 
bols, tbc device including: a pilot symbol acquiring part tor 
acquiring pJot symbols of a known phase mcluded in a 
received packet; and a channel estimation part for impJc- 
mentiDg chaimel estimation usmg the acquired pilot sym- 
bols. According to the communicalion device of the present 
invention, the above-mentiooed second object of the inven- 
tion can be achieved. 

[0054] It LS a further objea ot the pressent invention to 
provide a communication device for implementmg chaimel 
estiinatioa tor estimating channel vanation using pilot sym- 
bols, the device including: a pilot symbol acquiring part for 
acquiring pilot svnibils ut <i known pi ist n^lu ed in .i 
common control channel m a multiplexed manner; and a 
channel estimation part for implcmcntmg channel cstuna- 
tion using llie aoquiivd pilot symbols. Accordmg to the 
comuiunication device of die present mveution, the above- 
mentioned second object of the invenUon can be achieved. 
[OOSS] It IS a further object of the present mvention to 
provide a communication device for implementmg chaimel 
estimation for estmiating channel vanatioo using pilot sym- 
bols, the device mcludmg: a first pilot symbol acquiring part 
for acquinng pilot "symbols ot a known phisc included in a 
packet and in a cnnunon ciinirol channel m a mijltiplcxed 
manner; a second pilot symbol acquiring part tor acquiring 
pilot symbols of a kn<wn phase included in the common 
control channel; and a channel estimation part tor imple- 
menting channel estimation iwmg the acquired pilot sym- 
bols. According lo the coniraunicatiou device ol the present 
mvention, the above-menlioned second object ol the inven- 
tion can be achieved. 

L(W56] 1 is I Uirihtr obiK,l ol the prcst.nl invention lo 
provide a communicalion device for implcmcntmg channel 
estimation for estimating channel vanation using pilot sym- 
bols, the device mcludingr a pilot symbol acquuing part for 
acquinng pilot symbols ot a known phase included in a 
leeeived jjaekel a tentative ch mnel estimation part lor 
implementing tentative channel cstiinalion usint; the 
acquired pilot symbols; a tentative data decision mformation 
symbol generating part tor compensating tor the channel 
varidtiiin mi actuidiiicc \Mtb i rcsuU dI the ten i i\c cbmncl 
eslioiatioQ and generating alenlative dalii decision iiitorma- 
tion symbols trora the compcnsaied latormatioii symlxils; 
and a channel estimation part for generating information 
symbols wheretrom modulation components are removed 
using the tentative data decision intormalion symbols and 
implementing channel estimation using the pilot symbols 
ind intormalion -.jmbciK Aeeordin^ U> Ihc communiedlion 
device ol the present invention, the above-mentioned sca.)nd 
object of the invention can be achieved. 

[0057] It IS a further obiect of the present invention to 
provide a communication device for implementing channel 
eslimation for estimaling chiinnel yanation using pilot svm 
bols. the device including: a subcamer acquiring pan ior 
acquiring a plurality til subcarners included in e received 



packet, a pilot symbol acquiring pa i foi tcquiuni, ^i j.lui J 
itv of pilot symbols ai known phase included m the plui alitv 
of subcarneis. respectively; and a channel estimation part 
tor implementing channel estimation for each of the sub- 
carriers using the plurality otpilot symbols. According to the 
communication device ol tlic present invention, the above- 
mentioned second obiect ot the invention can be achieved. 
[msS] ITac obieets described above may be achieved b\ a 
uininiunic tlion deviee incliulin^ path se iich meins tisr 
perlomiin^ a lirst path seaich step m which iespecti>e 
timmgs of path components are detected ii-sing pilot symbols 
ot a known phase mcluded in a reception signal received via 
a multipalh propagation path; and channel estimation means 
for perfoiming a first diannel estmaation step m which 
channel eiitimation is implemented for estimatmi^ channel 
variation after the firs! path search step, the path search 
means implementing a second path search step m which 
respective timings ot path components are detected using 
mformation symbols derived Irom a signal demodulated 
alter (lie first channel estiniauoii step according to the 
Uminas delected m the first path search step and the pilot 
symbols ot a known phase, and the channel estimation 
means unplementmg a second channel estimation step m 
which channel estimation is implemented for esUmating 
channel vanation using mformation symbols derived from a 
signal demodulated aflcr the first channel estimation step 
according to the tuning?; detected in the second path search 
step and the pilot svinhols ot a known phase, ind thereafter, 
recursively iinplcmcnling path search and chajiiicl estima- 
tion by repeating the processes ol implementing the second 
path search step using the informalKin symbols demodulated 
after the secoiiid channel estimation step and pilot symbols 
and implementmg the .second channel estimation step using 
mformation symbols fed back in accordance with the timmg 
detected in the scuind lath search step and pilot symbols 
According to the communication device of the present 
mveution, llie abQve-nieuUoiicd first and second objects of 
the invendon can be achicvwl. 

[0059] The pilot symbols mav be included in at least one 
ot a packet and a aimmon control channel of the received 
signal and may be multiplexed on at least one ot the packet 
and the common control channel, 

[0060] Ihe obiects described above mav be achieve by a 
communication device including path search and channel 
estimation means for implementing at least one ol path 
scaixrh and channel cstiraalion usnm pilot svmtaoJs oi a 
known pha.<!e or an information svmbol.s; included in at least 
one of a packet and a common control channel nl a received 
signal. Accordmg to the commumcation device of the 
present mvenhon, at least one of the above-mentioned first 
and second objects of the mvention can be achieved. 
[0061] Tbc pilot symbols mav be inchioed in at lea.st one 
ol a packet and a common ccinlml channel ol the received 
signal. Also, the commuaicatioo device may further mclude 
feedback means for feeding back the information symbols, 
and the path search and channel estimation means may 
recursively implement path search and channel estimation 
by repealing proeesses ol mipleinenliiig pilh seafeh using 
information symbols decoded after channel eslimauon and 
pilot symbols and jmplcmeniing channel estimation usmg 
inSdrmalion svmDoJs fed back via the feedback means m 
accordance with a timing delected m the path search and 
pilot symbols. 
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[0062] Furtber objects and advantages of the present 
invention will be elucidated from the explanation described 
below with reference to the following drawings. 

BRIEF DESCRIFnON OF TOE DRAWINGS 

[0063] FIG. 1 is a block diagram showing a general 
configuration of a first embodiment of a communication 
device of the present invention; 

[0064] FIG. 2 is a flowchart for explaining process steps 
carried out by the communication device of the first embodi- 
ment; 

[0065] FIG. 3 is a block diagram showing a configuration 
of a tirst embodiment of a path search part of the commu- 
nicalion device of the first embodiment; 

[0066] FIG. 4 is a block diagram showing a configuration 
of a second embodiment of a path search part of the 
communication device of the first embodiment; 
[0(Ni7] FIG. 5 is a block diagram showing a oonflguration 
of a third embodiment of a path search part of the conmiu- 
nication device of the first embodiment; 

[0068] FTG. 6 is a block diagram sfaowing a configuration 
of a fourth embodiment of a path search pari of the com- 
munication device of the first embodiment; 

[0069] FIG. 7 is a block diagram showing « configuration 
of a fiftb embodiment of a path search port of the commu- 
nication device of Ihe first embodiment; 

[0070] FTG. 8 is a block diagram showing a conflgtiration 
of a sixth embodiment of a path search part of the oommu- 
Dication device of the fiist emboditDQat: 
[0071] FIG. 9 is a block diagram showii^ a configuration 
for deriving the desired signal power versus interference - 
plus-noise power ratio; 

[IMI72] FIG. 10 is a block diagram showing a configura- 
tion of a seventh embodiment of a path search part of the 
communication device of the first embodiment; 

[(W73] FIG. 11 is a block diagram showing a coofigiira- 
tion of a first embodiment of a chat] nc I estimation pari of the 
communication device of the first embodiment; 

[0074] FIG. 12 is a diagram showing a structure of a 

packet wherein a pilot symboi is inserted; 

HmS] FIG. 1.3 is a diagram showing another structure of 
a packet wherein a pilot symbol is ioscned; 

[0076] FIG. 14 is a block diagram showing a configuta- 
tiaa of a second embodiment of a channel estimation part of 
the communication device of the first embodiment; 

[0077] FTG. IS is a diagram showing still another struc- 
ture of packets wherein pilot symbols are inserted; 

[0078] FTG. 16 is a diagram showing >'et another structure 
of packets wherein pilot symbols are inserted; 

[0079] FIG. 17 is a block diagram showing a configura- 
tion of a third embodiment of a channel estimation part of 

the communication device of the first embodiment; 

[0080] FIG. IS is a diagram showing a further structure of 
packets wherein pilot symbols are irLserted; 



[(M)81] FIG. 19 is a diagram showing a fwther structure of 
a packet wherein pilot symbols are inserted; 

[(WS2] tlG, 2(1 is a block diagram showing a configura- 
tion of a fourlh em'iodiirteiit of ;i channel estimation part of 
the communication device of the first embodiment; 
[0083] FTG. 21 is a block diagram showing a configura- 
tion of a fifth embodiment of a channel estimation part of the 
communication device of the first embodiment; 

[0084] FTG. 22 is a block diagram showing a configura- 
tion of a sixth embodiment of a channel estimation part of 
the communication device of the first embodiment; 
[0085] FTG. 23 is a block diagram showing a conflguta- 
lion of a seventh embodiment of a channel estimation pari of 
the coramimicalion device of the first embodiment; 

[0OS6] FIG. 24 is a block diagram showing a configura- 
tion of an eighth embodiment of a channel, estimation part of 
the communication device of the first embodiment; 
[0087] FIG. 25 is a block diagram showing a configura- 
tion of a ninth embodiment of a channel estimation part of 
the communication device of the first embodiment; 

[0088] FIG. 26 is a block diagram showing a configura- 
tion of a tenth embodiment of a channel estimation part of 
the communication device of the first embodiment; 

[0089] FIG, 27 is a block diagram showing a configura- 
tion of a channel efttiraation part inipleineated for each of the 
subcarrier sequence in Ihe tenth embodiment of the channel 

[0090] FIG. 2S is a block diagram showing a configurs- 
tion of an eleventh embodiment of a cha.nnel estimation part 
of the communication device of the first embodiment; and 

[0091] FIG. 29 is a block diagram sliowing a configura- 
tion of a channel estimation part implemented for each of the 
subcarrier sequence in Ihe eleventh embodiment of the 
chaimel estimation part. 

BEST MODE OF CARRYING OUT TOE 
INVENTION 

[0092] In the following, embodiments of a path search 
method, a channel estioialion m&thod and a tonimunicaliou 

device of the present invention will be described with 
reference to the accompanying drawings. 
[0093] FTG. 1 is a block diagram showing a general 
configuration of a first embodiment of a communication 
device of the present invention. A t\>mmunicalion device 1 
generally includes a path search pan A 120, a path search 
part B 130, a spread ct)dc replica generator 116, a delay 
process controller 117, RAKE finger ciradts 110-1 to 110-3, 
a RAKE combiner 140, a coherent detection part 141, a 
remodulatiog part 142, an error correction decoding part 
143-1, an error correction encoding part 143-2 and a switch 
50, which are connected as shown in the figure. Signals are 
received through a multipath propagation path via elements 
such as an antenna, a foequeiicy converter, an analog'digital 
( A/O) converter and a memory, all of which are not .sbown, 
and arc input to the path search part A 120, to the path search 
part B 130 and to the RAKE finger circuits 110-1 to 110-3. 
[0094] The path search part A 120 generaUy includes a 
multiplier 121 whereto the received signals are supplied, a 
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spread code replica generator 122, a delay profile generator 
123 and a path selector 124 which generates an output of the 
path search part A 120. Similarly, Ihe palh search part B 130 
generally includes a multiplier 131 whereto the received 
signals are supplied, a spread code replica generator 132, a 
delay profile generator 133 and a path selector 134 which 
generates an output of the path search part B 130. The 
< liitputs of the path search part A 120 and the path search part 
B 130 are supplied to the RAKE linger circuits 110-1 to 
110-3 via the delay coDtroUer 117. 

[0095] The RAKE liuger circuits UO-l to 110-3 each has 
the same configuration and the RAKE finger circuit 110-1 
generally includes a delay processor 112-1, a multiplier 
114-1, a channel cslimaliog part A 20-1, a channel estimat- 
ing part B 30-1 and a channel variation compensating part 
216-1. Outputs of the RAKE finger circuits 110-1 to 110-3 
axe supplied to the RAKE combiner 140 via the channel 
variation comi^nsating parts 216-1 to 216-3 (only 216-1 is 
shown in the figure) and are combined in the RAKE com- 
biner, and ihcn supplied to the coherent detection part 141. 
The coherent detection part 141 provides a detection output. 
The detection output obtained from the coherent detection 
part 141 is supplied to an error correction decoding part 
143-1 which performs error correction decoding processes 
and outputs an error ooriectcd and dcctxled output signal. 
The output signal from the error correction decoding part 
143-1 is subjected to an error correction and encoding 
process at the error correction encoding part 143-2 and then 
supplied to the switch 50. The detection output from the 
coherent detection part 141 is also supplied to the switch 50. 
The output of the switch 50 is fed back, via ibc romodulatiug 
part 142, lo the delay profile generator 133 oC the palh search 
pan B 130 and to the channel estimating part B 30-1 to 30-3 
(only 30-1 is shown in the figure) of the RAKE finger 
circuits 110-1 to 110-3. The remodulating part 142, the error 
correction encoding part 143-2 and the switch SO form a 
decision feedback processor 60, 

[0096] A& will be described later, the first embodiment of 
the communication device is particularly characterized in 
configurations and operations of the path search part A 120, 
the path search part B 130 and the channel esdmaling parts 
A 20-1 to 20-3 (only 20-1 is shown) and the channel 
estimating parts B 30-1 to 30-3 (only 30-1 is shown) of the 
RAKE finger circuits UO-l to 110-3. 

[0097] In detail, the path search part A 120 and the path 
search part B 130 involve a first path search step and a 
second path search step and the RAKE flnger circuits UO-l 
to 110-3 involve a first channel estimating step and a second 
channel estimating step. 

[0098] In the first path search step, when detecting respec- 
tive timings of path components included in a received 

signal received via llie multipath propagation palh, the 
respective timing of the path components are detected using 
pilot symbols of a known phase which is included in the 
received signal. In the second path search step, respective 
timings of the path components are detected using an 
information symbol derived from a signal demodulated 
according lo the timings detected in the firel path search siep 
and pilot symbols of a known phase. Accordingly, since 
respective timings of the path components are detected by 
searching a palh using pilot symbols of known phase, and 
timings of each path component are detected again using the 



information symbol derived from a signal demodulated 
according to the thus-obtained timings and pilot symbols of 
a known phase, the path search accuracy can be improved. 
[0099] f)n the other hand, the first and second channel 
estimating steps include, when estimating channel variation 
u.sing pilot symbols, respectively, a pilot symbol acquiring 
step for acquiring pilot symbols of a known phase included 
in the received signal and a channel estimating step for 
implementing channel estimation using the acquired pilot 
symbols, hi the secood cfaaiiuel estimating step, chaimel 
estimation is implemented using information symbols 
derived firom the signal demodulated according to the tim- 
ingfs delected in the first channel estimating step and the pilot 
symbols of a known phase. Thus, by using the information 
symbols and the pilot symbols of a known phase tbr channel 
estimation, channel estimation can be implemented al a high 
accuracy irrespective of the continuity of the transmission 
s^oal. 

[0100] It is to be noted that the fcci-back information 
symbols used in path search and channel estimation steps 
need not be different for path search and channel estimation 
steps but can be shared, so as to further improve the path 
seandi accuracy and the chaunel estimation accuracy. 
[0101] That is to say, path search and channel estimation 
steps can be recursively implemented by performing the fust 
path search step for detecting tespecdve timings of path 
components using pilot symbols of a known phase included 
in the received signal received via the multipath propagation 
path, performing the first channel estimating step for esti- 
mating the channel variation after the first path search step, 
performing the second path search step for detecting respec- 
tive timing of palh components using information symbols 
derived from a signal demodulated according to the timings 
detected in the firel path search step and pilot symbols of a 
known phase, performing the second channel estimating 
step for implemiinling channel estimation, in which channel 
variation is estimated using the inforaiaiion symbols derived 
from a signal demodulated via ihe first channel estimating 
step according to the timings detected in the first path search 
step and pilot symbols of a known phase, and thereafter 
repeating the second path search step using information 
syinbols demodulated after the second channel estimation 
step ,ind pilot symbols and the second channel estimation 
.step using information symbols fed back via the decision 
feedback processor 60 according to the timings detected in 
the second path search step. Accordingly, since path search 
and channel estimation arc implcmcnicd in a recursive 
manner, in other words mutually complcmenlarily, Uic path 
search accuracy and the channel estimation accuracy can be 
further improved. 

[0102] FIG. 2 Is a flowchart for explaining process steps 
carried out by the communication device of the first embodi- 
ment. In FIG. 2, al step SI, a received packet signal Ls stored 
in a memory. After storing the received packet signal into the 
memory, path search is implemented using pilot symbols of 
a known phase, at step S2. After path search, a dcsprcading 
process and a channel estimation process are applied to the 
received signal according to receiving timings of the 
selected path, and then RAKE combining is implemented, at 
.step S3. 

[0103] At step S4, the RAKE combined signal is demodu- 
lated by coherent detection and then a tentative data decision 
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of information sym bols is implemenled. Then, at step S5, the 
tenlative data decision information symbols are modulated 
and complex conjugate values thereof are fed back for palh 
search. As step 6, palh search is implemented using both the 
pilot symbols and 1±ie infonmation symbols using the fact 
that the phase of the pDot symbols is known and the phase 
of the information symbols may be knoi^Ti by multiplying 
them by the fed-back complex conjugate values. 

[0104] After path search, at step S7, desfpreading process 
and chaaael estimating pcDcess are applied to the received 
signal at receiving timings of the newly selected path and 
then RAKE combining is implemented. Then, al step S8, the 

RAKE combined signal is demodulated by coherent detec- 
tion. 

[01CI5] At step S9, it is determined whether or not to repeat 
the path search step, and, if the result of determination is 
YES, the method retuins to step S5 and implements tentative 
data decision of the information symbols, modulates the 
tentative data decision information symbols and feedbacks 
the complex conjugate vahies thereof for path search. On the 
olher hand, if the result of determination at step S9 is NO, 
the data decision residt is output at step SIO, and the process 

[0106] As has been described above, path search and 
channel estimation may be implemented in a recursive 
m.anner, in other words mutually coraplementarily, by per- 
forming path search of step S2 and channel e.stimalion of 
step S7 in the order of the first path search step the irmt 
channel estimation stcp-*the second path search step the 
second channel estimation step-»the second path search 
stcp-'thc second channel estimation stcp-^tlic second path 
search step-T-the second channel estimation step-* , . , , so 
that the palh search accuracy and the channel estimation 
aocuiacy may be further improved. 

[0107] As has been described above, the path search 
accuracy can be improved by unplcmenting a tentative data 
decision of the information symbols by implementing palh 
search and cbaimel eslimatioD using the pilot symbols, and 
then, repeating the path search using the tentative data 
decision information symtxils and the pilot synibols. 

[0108] Tlicn, using the path search result of an improved 
accuracy, a despreading process is implemented again, and 
the chaniiel estimation process and the RAKE combining 
process are implemented using the tentative data decision 
information symbols and the pUot symbols, and the RAKE 
combined signal is demodulated by coherent detection, 
thereby, an accuracy of the data decision result can be 
improved. Ako, by feeding back the data decision result of 
an itnpcoved accuracy and by repealing the path search step 
again, the path search accuracy is improved, and as a result, 
the data decision result will be further improved. Accord- 
ingly, by recursively repealing a sequence of processes of 
path search, despreading, and channel estimation, both accu- 
racies can be improved in a muluttfly aJlecling manner. 

[0109] FIG. 3 is a block diagram showing a configuration 
i.)l' a first embodiment of a palh search part ol' the c<.)mrnu- 
nication device of the fitsl embodiment. The first embodi- 
ment of the path search part adopts a firet embodiment of a 
path search method of the present invention and each of the 
second to seventh embodiments of the path search parts 
described later adopts second to seventh embodiments of the 



path search method of the present invention. In FIG. 3, 
elements similar to those shown in VIG. I are indicated with 
corresponding reference numerals, 

[0110] Referring to FIG. 3, the received packet signfil is 
stored in a memory (not shown), and then, via a terminal 
1(11, supplied 10 the RAKE finger circuits llO-l to 110-3, to 
the path search part A 120 and to the path search B 130. It 
is 10 be noted that, in the present embodiment, a circuit 
arrangement with three fiDgers is shown as an example, but 
in geoeral, tbeie may be any natural number of u-RAKE 
finger circuits. 

[0111] The palh search part A 120 implements a despread- 
ing process al the multiplier 121 in such a manner that the 
pilot symbols of the supplied received packet signal are 
multiplied by the spreading code generated at the spread 
signal replica generator 122. ITie despreaded pilot symbols 
are a)pha.sed and summed at the pmfile generator 123, and 
a delay profile is generated. 

[0112] The palh selector 124 is supplied with the delay 
profile from the delay profile generator 123 and selects the 
paths to be RAKE combined. The path .selector 124 supplies 
information of the selected paths to the delay process 
controller 117 via the switch 118. The switch 118 operates 
such diat it k connected to a terminal (b) side when 
perfomiing the steps S2 to S4 of FIG. 2 and connected to the 
terminal (a) side when performing the steps of S5-S9 of 
FIG. 2, 

[0113] The delay process controller 117 controls the tim- 
ings of despreading processes pcrfoitncd in the RAKE finger 
circuits 110-1 to 110-3 based on the timings of the paths 
.selected in the path selccttir 124. In detail, the delay pro- 
ccs-sots 112-1 to 112-3 serve to delay the supplied received 
packet signals liased on instructions given by the delay 
process controller 117, and Ihe despreading processes are 
implemetitod in the multipliers 114-1 to 114-3 by multiply- 
ing the suj^phed received packet signals by the spread code 
generated in the spread signal replica generator 116, 
[0114] The despreaded signals arc RAKE combina.1 al the 
RAKE combiner 140. The'R.AJOZ combined signal is sup- 
plied to the coherent detection part 141 where the signal is 
demodulaled and the tentative data decision of the informa- 
tion symbols is implemented. ITiorcafter, tlic tentative data 
decision information symbols are supplied to the remodu- 
lation part 142 for remodulating the infonnation symbols, 
and the complex conjugate values thereof are fed back to the 
delay profile generator 133 of the path search part B 130. 
[0115] The path search part B 130 despreads the pilot 
symbols and the information symbols of the received packet 
signal. As in the case of the palh search pari A 120, the pilot 
symbols and the Informalioa symbols are despreaded in the 
multiplier 131 such thai the spread code generaled at the 
spread signal replica generator 132 is multiplied thereto. 
[0116] The despreaded symbols include the pilot symbols 
wherefrom the modulation components are removed using 
the fact that the phase is known. On the other hand, the 
despreaded symbols include the information symbols which 
are multiplied by the complex conjugate vahie,s fed back 
from Ihe remodulation pan 142 and from which the modu- 
lation compononis arc removed. The delay profile generator 
133 Cephases and sums the values obtained by removing the 
modulation portions Ijom ihe despreaded symbols so as to 
generate a delay profile. 
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[0117] I'he delay profile from the delay profile generator 
133 is supplied to the path selector 134 where, palhs to be 
RAKE combined are selected. The path seleclor 134 aip- 
plies information related to the selected paths to the delay 
process controller 117 via the switch 118, 
[0118] Based on the timings of the palhs selected in the 
path selector 134, the delay process controller 117 controls 
the timiug of despceading process performed in the RAKE 
finger circuits 110-1 to 110-3. In detail, the delay coDtrollcr 
112-1 to 112-3 serve to delay the supplied rec^eived packet 
signals based on instniclions gr/en by the delay process 
controller 117, and the despreading process is implemented 
in the mullipliexs 114-1 to 114-3 by muUiplyiag the isuppUcd 
received packet signals by the spread code generated in the 
spread signal replica generator 116. 

[0119] The despreaded signals are RAKE combined at the 
RAKE combiner 140. The RAKE combined signal is sup- 
plied to the coherent detection part 141 where the signal is 
demodulated and the tentative data decision of the informa- 
tion symbols is implemented. The detection oulput from the 
coherent detection part 141 is omputted firom the terminal 
102. 

[01.20] A sequence of pToces.ses implemented in the path 
search B 130 using ihc above-mentioned icniaiivc data 
decision result is repeated recursively for n-times (n; natural 
number), I'hus, by recursively repeating the sequence of 
processe.s including path search, despreading and channel 
estimatioa, the path search accuracy and the data decision 
result accuracy can be improved in a mutually ad'ecliug 
manner, 

[0121] It is to be noted that in FIG. 3, the spread signal 
replica generator 122, 132, the delay prtilile generators 123, 
133 and the path selectors 124, 134 arc provided as indi- 
vidual elements, but these may be sh;irm1 

[0122] ETG'. 4 is a block diagram showing a confjguraliun 
of a second embodiment of a path search pwi oi iiie 
communication device of the first embodiment. In FIG. 4. 
elements similar to those shown in FIG. 3 are indicated with 
corre,sponding reference numerals and will not be oxplaiDcd 
in detail. Referring to FIG. 4, the error correction decoding 
part and the error correction encoding part 143 corresponds 
to the error cfirreelitm dectiding pari 143-1 and the error 
correction encoding part 143-2 sliov>fn in FIG. 1, 

[0123] The configuration of FIC;. 4 is characterized in 
that, particularly, v/hen error correction codes are included 
in the information symbols, an error correction decoding is 
implemented on the information symbols obtained by ten- 
tative data decision, and then an error correction encoding 
and pemodulation are implemented again, and then fed back 
to the patft search part. 

[0124] After tentative data decision of the information 
symbols by the coherent detection part 141, the tentative 
data decision information symbols are supplied to the error 
correction decoding part and error correction encoding part 
143, and then error coTrection decoding is implemented. The 
information symbols which have experienced error correc- 
tion decoding is error correction coded again and is supplied 
to the remodulating part 142. 

[0125] The remodulaiing par! 132 remodulaies the sup- 
plied information symbok and feeds back the complex 



conjugate values thereof to the delay profile generator 133 of 
the path search part B 130. Other processes are similar to 
those of the first embodiment of the path search part, and 
thus will not be explained in detail. 

[0126] As has been describe above, with the error correc- 
tion decodii^ part and error correction encoding part, when 
an error correction code is included in the information 
symbols, this error correction code can be effectively used 
for improving a path search accuracy and a data decision 
result accuracy. 

[0127] Referring now to FIGS. 5 to 7, a path search part 
will be describetl for a case where a multicarrier lran.smis- 
sion system is adopted. 

[0128] FIG. 5 is a block diagram showing a configuration 
of a third cmb(xiimcnt of a path search part of the commu- 
nication device of the first embodimeul. In FIG. 5, elements 
similar lo those shown in FIG. 4 are indicated with corre- 
spondii^ reference numerals and will not be explained in 
detail. It is lo be noted that the conflguration of FIG. 5 is 
adapted to a path search method according to a nmlticarrier 
CDMA system having m-subcarrier>s. With this multicarrier 
CDMA system., since signals for a plurality of mobile 
.stations are multiplexed by CDMA for each subcarrier, it is 
necessary lo implement path search for each subcarrier 

[0129] Referring lo FIG. 5, the received packet signal is 
stored in a memory (not shown), and then supplied to a 
multicarrier demodulaior 210 via the lermiiial 101. The 
multicarrier dernodulator 210 resolves the supplied received 
packet signals into components of eacb subcaxris^r, and 
supplies to the circuits 200-1 to 220-M for each subcarrier 
component. It is to be noted that the multicarrier demodu- 
lator 210 may be realized using elements such as a discrete 
Fourier transformation device (DFT), fast Fourier transfor- 
rriiilinn tlcvice (PFT) and tillers. 

[O130] Tlic RAKE linger circuits 110-1 to 110-3, the path 

.scareli part A 120 and the path search part B 130 included in 
the cireuil 200-1 are supplied with signals of predetermined 
.■^ulicarricrs from the multicarrier demodulatcsr 210. In the 
present embodiment, a circuit arrangement with three fin- 
gers is shown as an example, but in general, there may be 
any natural number of RAKE finger circuits. 

[0131] The path search part A 120 implements a despread- 
ing process at the muhiplier 121 in such a maimer thai the 
pilot symbols of the supplied received packet signal are 
multiplied by the spreading code generated at the spread 
signal replica generator 122. The despreaded pilot symbols 
are supplied to the profile generator 123. Similarly, the 
despreaded pilot symbols are supplied firom circuits 200-1 to 
200-m to the profile generator 123. 

[0132] The delay profile generator 123 cophases and sums 
the despreaded pilot symbols at each circuit 200-1 lo 200-/M 
for each subcarrier, and then sums the cophased and summed 
result for each sutearrier by power-summation, ,so as to 
generate a delay profile. The path selector 124 is supplied 
with the delay profile from the delay profile generator 123 
and selects patte to be RAKE combined. The iM.th selector 
124 supplies information of the selected paths to a repro- 
ducing part 214 via the switch 118. 

[0133] The reproducing part 214 reproduces the supplied 
path information and supplies them to the delay procsess 
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controllers 117 of the circuits 200-1 to 200-ff», respectively. 
It ii» to he noted that ibe switch 118 is connected to a lenninil 
(b) side when perfortnxDg tbe steps S2 to S4 of FIG. 2 and 
connected to the termitial (a) side when performing the steps 
of S5-S9 of FIG. 2, 

[0134] TTic delay process conlrollcr 117 controls the tim- 
ings of despreading process performed in the RAKE linger 
circuits 110-1 to 110-3 based on the timings of the paths 
selected in the path selector 124. In detail, the delay pro- 
cessors 1L2-1 to 112-3 serve to delay the supplied signal 
based on instructions given by the delay process controller 
117, and the despreading process is impleniented in the 
multipliers 114-1 to 114-3 by multiplying the supplied 
received packet signals by tbe spread cod© generated in the 
spread signal replica generator 116. 

[0135] The signals vibich have been RAKE combined in 
the RAKE combiners 140 included id the citsouits 200-1 to 
200-flt are supplied to a parallel -to-serial converter 212, and 
after being converted into a single sequence, supplied to the 
coherent detection part 141. The RAKE combined signal is 
supplied to the coherent detection part 141 where the signal 
is demodulated and tentative data decision of the informa- 
tion symbols is implemented. 

[0136] After implementing tentative data decision of the 
information symbols by the coherent detection pan 141, the 
tentative data decision information symbols are supplied to 
the error correction decoder and error correction encoder 
143 where error correction decoding is implemented. Then, 
the error correction decoded information symbols are error 
correction coded again, iind then supplied to the remodulal- 
ing part 142. Then, the remodiilating pait 142 remodul^tes 
the supplied information symbols and feeds back the com- 
plex conjugate values thereof to the delay profile generator 
133 of the path search part B 130. 

[0137] It is to be noted that when error correction codes 
are not included in the information symbols, as in the first 
embodiment of the path search part, the tentative data 
decision information syrabuLs may Ijc remodulaled and the 
complex conjugate values thereof may be fed back to tlic 
delay profile generator 133 of the path search part B 130. 

[0138] The path search part B 130 implements a despread- 
ing process of pilot symbols and information symbols of a 
signal supplied for each subcarriet. As in tbe case of the path 
search part A 120, the despreading process is implemented 
by multiplying ths pilot symbols ai»d the information sym- 
bols of the supplied signal by a spread code generated at the 
spread signal replica generator 132. 

[0139] 'Ilie despreaded symbols include the pQot symbols 
wbcreftrom tbe modulation compoaenls arc ix^nioved using 
the fact that the phase is known. On the other hand, the 
despreaded symbols inchide the information symbols which 
are multiplied by the complex conjugate values fed back 
from the remodiUation part 142 and from which the modu- 
lation components are removed. The delay profile generator 
133 Cephases and sums the values obtained by removing tlic 
modulation portioas from the despreaded symbols for each 
subcarrier and then sums the ccpha-sed and summed results 
for each subcarrier by power-summation so as to generate a 
delay profile. 

[Ol-M)] The path selector 134 is suppUed with the delay 
profile from the delay profile generator 133 and selects paths 



to be RAKE combined. ITie path selector 134 supplies 
information ot the '-i.leLiw.J paili>. ti a tLjuoJuciiig part 214 
via the svialch 118, The reproducji^ part 214 reproduces the 
.supplied path mtormation and supplies them to the delay 
process ofindollcs 117 ni the li'uhIs 2(N>-1 to HHi-tn, 
respcchvcly. 

[0141] The delav proee'i.v toiitiolki 117 controls ilis, iini- 
iogs of despreading process performed m the RAKb linger 
circuits llO-l U) riO-3 bdM.d on the litnmgs oj llii, palhs 
selected in the path selector 134. In detail, the delav pro- 
ce!vSor.s 112-1 to 112-3 serve to delav the supplied signal 
based on mstruclions given by (he delay process controller 
117, and the despreading process is implemented in the 
multJi)lien, 114-1 to 114-3 by multiplymg tlie supplied 
signals by tbe spread code generated m the spread signal 
replica generator 116. The despreaded signals are RAKE 
combined at the RAkt, combiner 140. 
[0142] llie signals which have been RA.k.t combined m 
the RAKE combiners 140 included m the circuils 2W0-1 to 
200-/n are supplied to a parallel-lo-senal convener 212. and 
after being converted uilo a single seijiience, suppked to the 
coherent actcction part 141. llic RAKE coinbincd signal is 
supplied to the coherent detection part 141 where the signal 
is demodulated and then the tentative data decision of the 
information symbols is implemented. 
[0143] A process sequence described above performed in 
the path search part B 130 using the tentative data decision 
result is recursively repealed for n-cycles (n: natural num- 
ber). Thus by recursively repeating a process sequence 
including path search, despreading and channel estimation, 
a path search accuracy and an accuracy of data decision can 
be improved in a mutually affecting manner in a mullicarrier 
CDMA system. 

[0144] FIG. 6 is a block diagram showing a configuration 
of a fourth embodiment of a path search part of the com- 
munication device of the first embodiment. In FIG. 6, 
elements similar to those shown in FIG, 5 are indicated with 
correi^ondiug i^eference numerals and will not be explained 
in detail. ITic configuration of FIG. 6 is characterized in that 
the path search pari H 130 implements de.spreading pro- 
ces.ses of pilot symbols and infomiation symbols for each 
.siibcarrier, and implements delay profile generation and path 
.selection . 

[0145] The path selector 124 supplies information of the 
selected paths to a reproducing part 214. 'llhe reproducing 
part 214 reproduces the supplied path information and 
supplies them to die switches 118 of the circuils 200-1 to 
2Q0-m, respectively. It is to be noted that the switches 118 
are connected to a terminal (b) side when performing the 
steps S2 to S4 of FIG. 2 and connected to the tenminal (a) 
side when performing the steps of S5-S9 of FIG. 2. 
[0146] In the present embodiment, a process similar to a 
process perlbrnied in the ftiurth embodiment of the path 
search part is implemented and the information symbols 
error correction coded again are supplied to the remodtilat- 
iug pari 142. The remodulating part 142 remodulates the 
supplied information symbols and supplies complex conju- 
gate values thereof to a serial -to-parallel converter 216. The 
scrial-to-parallel converter 216 converts ihe supplied com- 
plex conjugate values to a plurality of sequences, and dien 
feeds back the converted complex conjugate values to the 
delay profile generator 133 of the circuits 200-1 to 200-m, 
respectively. 
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[0147] Ilie path search part B 130 despreads the pilot 
symbols and the information symbols of the supplied signal 
for each subcanier. As in the case of the path search pari A 
120, the despreading processes are implemented in the 
mu tinlic -s 131 included in the circuits 200-1 to 200-m, 
respeclively, such thai the pilot symbols and the infofmatJon 
symbols of the supplied signal are multiplied by the spread 
code generated at the spread signal replica generator 132. 
[1)144$] 'I1ic dcspreadcd symbols include the pilot symbols 
wherefiom the modulatioD components ans removed using 
the fact that the phase is known. On the other hand, the 
despreaded symbols include the information symbols which 
are multiplied by the complex conjugate values fed back 
from the lemodulation part 142 and from which the modu- 
lation components are removed. 'ITie delay profile generator 
133 cophases and sums the values obtained by removing the 
modulation portions from the despreaded symbols so as to 
generate a delay profile. 

[0149] The path selectors 134 included in the circuits 
2(M)-1 to 2Wi-m, respectively, are supplied with the delay 
profile fix)m the delay profile generator 133 and select paths 
to be I^IAKE combiaed. 'ITie path selectors 134 supply 
information of the selected paths to the delay process 
controllers 177 via liie switdies 118. 

[0150] Accordingly, since path information for each sub- 
carrier are individually supplied to the delay process con- 
trollers 177, the timii^s of the despreading processes per- 
formed in the RAKE finger circuits 110-1 to 110-3 can be 
controlled for each subcarrier. 

[0151] A process setiuenoe described above performed in 
the path search part B 130 using the tenlalive data decision 
result is recursively repeated for n-cyclcs (n: natural num- 
ber). ITiu.'S by rcoireively cepeaticg a process sequence 
including path search, despreading and channel estimation, 
a path search accuracy and an accuracy of data decision can 
be improved in a mutually affecting manner in a multicarrier 
CDMA system. 

[0152] flG. 7 ts a block diagram showioci a conht^uration 
of a fifth embodiment of a paili se irth p u:i tlie lkiih 
nication device ot the first embochment. In hlG. 7, elements 
sitmlai U> thoM. shown in TIC, 6 ar> indiciu d hiiIi airrt- 
i5ponding reference numerals and will not, be explained m 
detail. Ihc conligiiration ot FIG, 7 is characterized m that 
the path search pan A 120 and the path search pait B 130 
miplemcnt despreading processes of pilot symbols and 
informations symbol tor each subcarrier. 

[0153] When the despreaded pilot symbols are supphed, 
the prolile generators 123 iDcludcd in the circuits 200-1 to 
200-m. respcclivclv. implemcnl cophasing and surarajiig of 
the despreaded pilot symbols tor each subcarrier, so as to 
generate a delay prohle. 'Ilie path selectors 124 included m 
tJie circuits 200-1 to 2«0-m, respeclivelv, are suiiplied witli 
the delay prohles trom the delay prohle generator 123 and 
sclcLlspilKl-.liL RAKI LfiiilmiL- I li^^p ilh sLle<.toi 124 
supplies inlormalion ol the selettid paths to thi, dtliv 
process controllers 117 via the switch 118. 

[0154] AcciiidiMglv, sHice the path infurmaljoii for each 
subcarrier arc individually supphed to the delay controllers 
117, the timings ol the despreading processes perfoimed in 
the RjVKE finger circuits 110-1 to 110-3 can be controlled 
tor each suhcarner. 



[013S] A process sequence described above performed in 
the path search part B 13(1 using the tentative data decision 
result is recursively repeated for Q-cycles (n; natural num- 
ber). Thus by recursively repeating a process sequence 
including path search, despreading and channel estimation, 
a path search accuracy and an accuracy of data decision can 
be improved in a mutually afiEiictiiig manner in a multicarrier 
CDMA system. 

[0156] FIG. 8 is a block diagram showing a configuration 
of a sixth embodiment of a patli search part of the cwmmu- 
nication device of the first embodiment. It is to be noted that, 
in FIG. 8, the path search part 120. the structures of the path 
search pan B 130 and a RAKE fingers and RAKE combiner 
220 are illustrated in a simplified maimer, these may be 
realized as, for example, the amfiguration shown in FKt. 4. 
The RAKE fingers and RAKE combiner 220 corresponds to 
the RAKE finger circuits llO-l to 110-3 and the RAKE 
combiner 140. Also, in FIG. H, elements similar to thiise 
shown in FIG. 3 arc indicated with corresponding reference 
numerals and will not be explained in detail. 

[0157] The remodulaling part 142 remodulates the sup- 
plied information symbols and supplies complex conjugate 
values thereof to a decision feedback synilx)! sckctiog part 
222. The dc<rision feedback symbol selecting part 222 
selects k symbols (k^Nd, k; natural number) out of the 
supplied Nd symbols (Nd: natural number), and feeds back 
cotnpkx conjugate values thereof to the path search part B 
130. 

[0158] Accordingly, the decision feedback symbol select- 
ing part 222 may select and teed back any suiccessive k parts, 
may select and feed back any discrete k or may select and 
feed back all (k-Nd) of the Nd remodulated information 

.symbols. 

[0159] Also, when selecting k symbob, the symbols may 
he ranked in accordance with the .reliability of the received 
symbols and may select and feed back in a descending order 
ot the rchability. or may feed back alter weightmg the 
syinhols in accordance with the reliabihty. For example, 
reception power of the received symbols may be used as the 
reliabihty of the received symbols. 

[01 60] ./\s one embodiment, the reception power of the 
received symbols may be derived by multiplying the RAKE 
combined received symbols by the complex conjugate val- 
ues of the tentative data deasion result obtained Irom a 
demodulation process and squaring the value obtained by 
the multiphcaticia. 

[0161] As another embodiment, the reliability ot tlic 
received symbols may be obtained using a desired signal 
power vcisus mtcrtcrcncc-plus-noisc power ratio of the 
ntt \(d symbols Om. configi rali'm lor rt ,i /ing ihis 
embodiment is a configuration shown m FIG. 9. FIG. 9 is 
a block diagram showii^ a configuratjon for deriving the 
desired signal power versus mterfcrence-plus-noisc powr 

[0162] llie desired signal power can be approximated by 
muJliplviiig the RAKE umibiiied rcLeived synihol hv the 
complex conjugate values of the tentative data decision 
result ot the tentative data decision part 230 and squaring the 
value obtained bv the multiphcalion using a square mulh- 
pher 232. Also, the interlerence-plus-noise power may be 
appmximaled al each RAKE imger circuits u.sing a square 
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multiplier 240 by squaring Ihe RAKJE combined pilot sym- 
bols in the square multiplier 234 and squaring the siitn of an 
average value obtaiaed by averaging the result of the square 
multiplier 234 in an averaging part 236 and a squared value 
of a channel variation estimate value, 
[0163] VIG. 10 is a block diagram showing a configura- 
tion of a seventh embodiment of a path search part of the 
communicatian device of the first embodiment. In FIG. 10, 
elemeDts similar to those shown in FIG. 8 aie indicated with 
corresponding reference nunierals and ^ill not be explained 
in. detail. 

[0164] Hie configuratioa of FIG. 10 is characterized in 
thai the error conrectioo decoding part and the error correc- 
tion encoding part 143 is provided between the coherent 
detection ])ari 141 and the rertiuduluting pan 142. Tliat is to 
say, accxirding to the c-onliguralion of FIG. 1(1, when ihc 
infonTialiiui symbols include ernir cujreclion codes, liie 
information symbols obtamed by tentative data decision arc 
error correction decoded, error correction coded again, 
remodulaled, and fed back. It is to be noted that, m FIG. 10, 
the structure of each part is illustrated in a sjiuphbed 
manner, but these may fx: rcali'/^d as, for example, the 
cxtnfiguralion shown m FIG. 4, 

[0165] ITie reliability of the received symbols may be 
obtained from the above-described reception power of the 
information symbols and the desired signal power versus 
interference ^lus-noise power ratio or may be based on the 
likelihood ratio of the received signal used fbr error correc- 
tion decoding. For example, when a convolution code is 
used as the error correction code, a value of a path metric 
calculated in a proceckirc of Viterbi decoding may be used 
as the reliabihty of the received signal, 
[0166] As has been described above, with the present 
embodiment, since the timings of respective path compo- 
nents ate detected by implementing path search of pilot 
symbols of a known phase, and the timings of respective 
path components arc detected again using information sym- 
bols derived form the decoded signal according to thus- 
obta.ined timings and the pilot symbols, a path search 
accuracy can be improved. 

[0167] Also, when demodulation is implemented again 
using the path search result of an improved accuracy, a data 
decision result accuracy can be improved. Further, when 
path search is repeated again by feeding back the data 
decision result of an improved accuracy, a path search 
accuracy is further improved and as a result the data decision 
re.sult can be further improved. 

[016S] FIG. 11 is a block diagram showing a conQgura- 
tlon of a first embodiment of a channel estimation part of the 
coniniiinicatlon device of the first embodunent. The first 
embodiment of the channel estimation part aiiopts a first 
embodiment of a channel estimation method of the present 
invention and each of the second to eleventh embodiments 
of the channel estimation parts described later adopts second 
to eleventh embodiments of the channel estimation method 
of the present invention. 

[0169] With the con figuration shown in FU;. 11, when a 
comraxuiication is made between a base station and a mobile 
station using a packet wireless access system, channel 
variation experienced by a received packet signal is esti- 
mated, the channel variation is compensated and then 
detected. 



[0170] In FIG. 11, the received packet signal is supplied 
to a delay part 212 or lo a channel estimating pan 214 via 
a switch 210. The channel variation estimating part 214 
corresponds to the channel estimating parts A 20-1 lo 20-3 
and channel estimating parts 30-1 lo 30-3 shown in FIG. 1. 
The switch 210 is switched between the terminal (a) side or 
to the terminal (b) side so as to separate a pilot symbol r^(i) 
and an infonnatioo symbol tjt) of liie received packet 
signal. Note that the letter i of the pUoI symbol t^{i) is a 
natural number, and may vary up to the number of symbols 
of a pilot symbol, N^. Also, the letter i of the information 
symbol ijj) is a natural number, and may vary up to the 
number of symbols of an information symbol, N,. 

[0171] The channel variation cslxmalmg part 214 imple- 
ments channel estimation usins; the supplied pilot svmbol 
r, (i) md siipplKs Lompkx LOnpij^dK valiRs :j(ii nl the 
(.hinrtl isiimiii n \alue to tbc ebinncl variatuin compcn- 
satioii part 216. Note that the letter .i ot the complex 
coniugale values c.ci(i) a natural number, and mav vary up 
to the number ol svmbols of a pilot svmbol, N^. On the other 
hand, Itie delay Jiarl 212 delays the suppked information 
svmbol rji) and supplies an information svmbol tj^i) to the 
channel variation compeusauon part 216. 

[0172] The channel variation compensation part 216 com- 
pensates for the channel variation by multiplying the corre- 
sponding position of the supplied information symbol rj(i) 
by the complex conjugate values ^^(i) and supplies the 
compensated information symbol fjlji) to a coliereni detec- 
tion part 218. The coherent detection part 21* corresponds 
to the coherent detection part 141 shown ia FIG, 1, The 
coherent detection part 218 implements absolute coherent 
detection of the information symbol r'/i) and outputs the 
data decision result. 

[0173] FIG. 12 is a diagram showir^ a sti-uctxirc of a 
packet wherein pilot symbols are inserted. In FIG. 12, a 
packet includes a time multiplexed pilot symbols inserted 
therein. ITie pilot symbols may be inserted at any position, 
may be arranged in a temporally continuous manner, and 
may be arranged in a discrete manner. Also, any number of 
iiBertions of pilot symbols may be implemented. 

[0174] WhcQ Ihc packet shown iu FIG. 12 is received, 
according to tfie configuration shown in FIG. II, the 
received packet signal is temporally separated into the pilot 
symbols rp(i) and the information symbols x^(i) by switching 
the switch 210. The channel variation estimating part 214 
estimates an amount of chamiel variation using Ihe pilot 
symbols rji). The channel variation compen.sating part 216 
compensales for the channel variation in accordance with 
the amount of channel variation. Accordingly, the coherent 
detection part 218 implements absolute coherent detection 
of the channel variation compensated information symbols 
r'd(i) and outputs the data decision result. 

[0175] FIG. 13 Ls a diagram showing another stracture of 
a packet wherein pilot symbols arc inserted. In FIG. 13, a 
packet includes code multiplexed pilot symbols inserted 
therein. The pilot symbols may be arranged in a temporally 
continuous manner and may be arrat^ed in a discrete 
maimer. Also, any number of insertions of pilot symbols 
may be implemented. 

[0176] When ihe packet shown in FIG. 13 is received, 
according to the conjuration shown in FIG. 11, the code- 
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multiplexed pilot symbols are separated into the pilot sym- 
bols T^(i) and the inrormation symbols tj^i) by a despreading 
process. The chaonel variation estimating part 214 estimales 
an amouTit of cbannel variation using the pilot symbols t^(i). 
The channel variation compensating part 216 compensates 
for the chamiel variation in accordance with the amoimt of 
chaDoel variation. Accordingly, the coherent detection part 
218 implements absolute coherent detection of the channel 
variation compensated informatfon symbols r',^(i) and out- 
puts the data decision result. 

[0177] FIG. 14 is a block diagram showing a configura- 
tion of a second embodiment of a channel estimation part, of 
the communication device of the first embodiment. 
[0178] With the configuration shown in FIG. 14, when a 
communication is made between a base station and a mobile 
station using a packet wireless access system, channel 
varitLlion experienced by i received packet signal is esti- 
mated, the channel variation is compensated and then 
detected. Il is to be noted that the received packet in a packet 
in which time- or code-multiplexed pilot symbol is inserted 
in k-packets (k; nattiral number) transmitted from the same 
transmitter, 

[0179] In FIG. 14, the received packet signal is .supplied 
to the delay part 212 or to a channel estimating part 220 via 
the switch 210. The chaimel variation estimating part 220 
corresponds to Ihc channel estimating parLs A 20-1 to 20-3 
and channel estimating parts 30-1 to 30-3 shown in FIG. 1. 
TTie switch 210 is switched between the terminal (a) side or 
to the terminals (bl to bn) side so as to separate pilot 
symbols rp(i), r^ j(i), c-^ y^ fi) and information symbols tJJ) 
of the received packet signal. Note lha L Ihe letter i of the pilot 
symbols rp(i), rp_i(i), r^ is a natural number, and may 
vary up to the number'of symbols of a pilot symbol, Np. 
Also, the letter i of the informatba symbol r^i) is a natural 
number, and may vary up to the number of symbols of an 
information symbol, N^. 

[01t(0] The channel variation estimating part 214 imple- 
ments channel estimalion using the supplied pilot symbols 
rp(i), T„j(i), rp],.j(i) and supplies complex conjugate values 
of the channel estimation vahic to the channel variation 
compensation part 216. Note thai the letter i of ihc complex 
conji^atc values is a natural number, and may vary up 
to the niimlier ofsymtiols ol'a pilol symbol, N^. f )n Ihc other 
hand, the delay part 212 cfclays the supplied information 
symbol rj(i) and supplies the information .symbol rj(i) lr> the 
channel variation compertsalion part 216. 
[0181] Tlie channel variation compensation part 216 com- 
pensates for the channel variation by multiplying the corre- 
sponding po.'silion of the supplied information symbol r.](i) 
by the complex conjugate values g^jQ and supplies the 
compcusaied information symbols r'<j(i) to the coherent 
detection pari 218. The coherent detection part 218 imple- 
mente absolute coherent detection of the iriformation sym- 
bols r'a(i) and outputs the data decision result. 
[0182] FIGS. 15 and 16 are diagrams showing other 
structures of the present embodiment of a packet wherein 
pilol symbols are inserted. In FIGS. 15 and 16, time- or 
code -multiplexed pflol symbols are inserted in k-packels (k; 
natural number) transmitted from the same transmitter. In 
this case, pilot symbols included in each packet are extracted 
and the extracted pilot symbols are combined so as to 
implement channel estimation. 



[0183] FIG. 13 shows a structure similar to the packet of 
¥Kt, 12 in which the pilot symbols are time -multiplexed. 
Also, FIG. 16 shows a structure similar to the packet of 
FIG. 13 in which the pilot symbols are code-multiplexed. 
[0184] When the packets shown in ETG. 15 are received, 
according io the configuration .shown in FIG. 14, the packets 
are temporally separated into the pilot symbols rp(i), rp j(i), 
tp i..,(i) and the information symbols by switching the 
switch 211), The channel variation estimating part 220 esti- 
mates an amount of channel variation using Ihe pilol sym- 
bols rp(i), rp ,(i), Tp ^.,(1). The channel variation compensat- 
ing part 216 compensates for the channel variation ui 
accordance with the amount of channel variation. Accord- 
ingly, the coherent detection part 218 implements absolute 
coherent detection of the channel variation compensated 
information symbols 1*^1(1) and outputs the data decision 
result. 

[01S5] When the packet shown in FIG. 16 is received, the 
code -multiplexed piilot symbols are separated into the pilot 
symbols rp(i), r,, ,(1), r,, i,.|(i) and the information symbols 
fti© by a despreading piocess. The channel variation esti- 
mating part 210 estimates an amount of channel variation 
using tlic pilol symbols rp(i), r j(i), rp]j_i(i), Hic channel 
variation compensating part 216 compensates for the chan- 
nel variation in accordance with the amount of channel 
variation. Accordingly, the coherent detection part 218 
iniplements absolute coherent detectioa of Ifae channel varia- 
tion compensated information symbols /^{i) and outputs the 
data decision result. 

[0186] FIG. 17 is a block diagram showing a ooniiguta- 
tion of a third embodiment of a channel estimation part of 
the communicarton device of the first embodiment. 
[0187] With the configuration shown in FIG. 17, when a 
communication is mack; between a base station and a mobile 
-Station using a packet wireless access system, channel 
variation experienced by a received packet signal is esti- 
mated using pilot symbols applied in the common control 
chaimel, the channel variation is compensated and then 
detected. 

[0188] A mobile communication system is generally pro- 
vided with a common control channel for announcing vari- 
ous control sign,ils from a b.isc station to mobile stations. 
Therefore, packets with pilot symbols multiplexed therewith 
may be transmitted from the base slalion to the mobile 
stations via the common control channel. 

[0189] In FIG. 17. the received packet signal transmitted 
from a base station to a mobile station is separated into pilot 
symbols 0^,(1) and inforraalion symbols cji} multiplexed in 
ihc coQimoa control channel at the mobile station, and 
.supplied to the channel variation compensating part 216 or 
the channel variation estimating part 222. The channel 
varialion estimating part 222 corresponds to the channel 
climating parts A 20-1 to 20-3 and the channel estimating 
parts B 30-1 to 30-3 shtjwn in FIG. 1. Note that the letter i 
of a pilot symbol Cp(i) is a natural number, and may vary up 
to the number of symbols of a pilot symbol, Np^. Also, the 
letter i of an information symbol tjj) is a natural nmnber, 
and may vary tip to the number of sy tnbols of an information 
symbol, N^. 

[0190] The channel variation estimating pan 222 imple- 
ments channel estimation using the supplied pilot symbols 
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Cp(i) and supplies complex conjugate values ^^[(i) of the 
channel esfimalion valu© to the channel variation compen- 
sation part 216, Note that the letter i of She complex 
conjugate values ^(i) is a natural number, and may vary up 

to the Dumber of symbols of an pilot symbol, Np, 

[0191] Tlic channel variation compensation part 216 com- 
pensates for the channel variation by multiplying the corre- 
spondiQg position of the stjpplied itrformation symbols rji) 
by the complex conjugate values ^Ji) and supplies the 
compensated information symbfils r"j,(i) to a coherent detec- 
tion part 218. The coherent detection part 218 implements 
absolute coherent detection of the supplied information 
symbols r'd(i) and outputs the data decisfon result. 

[0192] FIGS. IS and 19 are diagrams showing other 
strucrures of the present embodiment of a packet wherein 
pilot symbols are inserted. In FIGS. 18 and 19, time- or 
code -multiplexed pilot symbols axe inserted in the common 
control channel of the packets transmitted firom the base 
station to the mobile station, in this case, pilot symbols 
included in the common control channel of each packet arc 
extracted and the extracted pilot symbols ate combined so as 
to implement channel e.stimaiion. 

[0193] FIG. 18 sho^?^'s a structure similar to the packet of 
FKir. 12 in which the pilot symbols are time -multiplexed in 
the common control channel. Also, FIG. 19 shows a struc- 
ture similar to the packet of FIG. 13 in which the pilot 
symbols are code-multiplexed in the commou cautiol chan- 
nel. 

[0194] When the packets shown ni liG, 18 arc received, 
AM.ording t^. iht configuration shown m MG 17 tliu patkU^ 
dre tempoi<illv wjpaiiHed int< the pilot mbols Cp(i) and mc 
jnformatton symbols r^,(i). The chatinel vanation esiimatmg 
part 222 estimates an amount of channel vanalion usmg the 
pilot symbols rp(i). The channel variation compensating part 
216 compensates for the channel variation m accordance 
with the amount of channel variation. Accordingly, the 
coherent detection part 218 implemenls absolute coherent 
deleciion of the chimnel vanation compensated information 
symbols r ^(i) and outputs the data decision result. 

[01 95] WlKn the packet shown m FIG 1 9 i t ^ll i\ td, tht 
sodi muUipftxed pilot symbols arc separfUal into thi pilot 
svnifvifs t.y(i) and the mfurmalion svmtiols r|(i) by a 
dcsprcadiDg process. The channel variation estimating part 

symbols c..(i). Ite channel vanation compensatmg part 216 
compensates tor the channel vanation m accordance with 
the amount ol channel vanation. Accordingly, the coherent 
detection pail 218 iiiiplenieriLs ab.solute coheienl detection 
<il Itie ctuniiel vjri<ition cuiiipenvjttd iiilonnjtion svmbtJv 
r ^(i) and outputs the data decision result. 

[0196] no. 20 IS a block diagram showing a conhgura- 
tion «i a lourth emiiodimcnt ul d chdnnel cslimdlicn part f 1 
the coram unitation device of the first embodiment. 

[0197] With the configuration shown in l-'IG. 20. when a 

station iismii a packet wireles.s access system, cbamiel 
variation cxpcncnccd by a received packet signal k csti- 
rartied using pilot symbols applied in the common conSrol 
channel, the channel vacation is compensated and then 

detected. 



[01 98] In FIG. 20, the received signal including the 
received packet signal and the common control channel are 
supplied Sd a delay pari 212 or to a channel estimating part 
224 via the switch 210. The channel variation estimating 
part 224 corresponds to the channel estimating parts A 20-1 
to 20-3 and channel eslimaling parts 30-1 to 30-3 shown in 
FIG. 1. The switch 210 is switched between the terminal (a) 
side Off to the terminals (bl and b2) side so as to .separate 
pilot symbols rp(i), information symbols t,j[i) and pilot 
symbols Cp(i) multiplexed with the common control channel 
of the received packet signal. 

[0199] The channel variation eslimaling part 224 imple- 
ments channel estimation using the supplied pik>t symbols 
rp(i) and c^i) and supplies complex conjugate values ^^(i) of 
the channel estimation value to the channel variation com- 
pensation part 216. Note thai the letter i of Ihe complex 
conjugate values |,,(i) is a natural number, and may vary up 
to the number of symbols of a pilot symbol, N . On the other 
hand, Ihe delay part 212 delays the supplied itifonualion 
symbols and supplies the information symbols io 
the chaone] variation compensation pan 216. 

[O200] The channel variation compeiKation part 216 com- 
pensates for the channel variation by multiplying the corre- 
sponding position of the supplied information symbol rj(i) 
by the complex conjugate values |,](i) and .supplies the 
compensated information symbol rj(i) to die coherent 
detection part 218. The coherent detection part 218 corre- 
sponds to ilie coherent detection part 141 shown in FIG. 1. 
The coherent detection part 218 implemenls absolute coher- 
ent detection of the information symbol and outputs the 
data decision result. 

[O201] HG. 21 IS a block diagram show^ing a confagu ra- 
tion of a fifth cmbodmient ol a channel estimation pari ot Ine 
cammumcation device of the first embodunent. 

[0202] With the configuration shown in FIG. 21, when a 
communication is made between a base station and a mobile 
station usmg a packet wireless access system, channel 
variation experienced by a received packet signal is esti- 
mated using pdol symbols apphcd in the common control 
chaimel and pilot svmboLs ot the received packet, the 
channel variation is c-onipeosated and Ihcii detected. It is to 
be noted lhat the time- nr code-multiplexed pilot svmbols 
are inserted m k-packets (k: natural number) transmitled 
Irom the same transmitter. 

[02031 In I'IG. 21, the received s^al includme the 
received packet simial and the common control channel are 
supplied to the delay part 212 or to a channel estimating part 
226 via the switch 210. The channel variatioo esiimatmg 
pari 226 corresponds to the channel estimating parts A 20-1 
to 20-3 and ^.hinncl eslimaling parts 30 1 to 30 3 shown m 
H(t. 1 , The .switch 210 is switched between tlie terminal (aj 
side or to the terminals (bl to bn) side so as to separate pilol 
s\mbils r^(^i) T^^{i) J, i(i), mtoimitnn sjnilxils r (ij ind 
the pilot symbols muitipk \(.d with thi. common Lontrol 
channel. Cj.(i) ot the received packet signal. 

[0204] Ttie t-haniiel vdn itjon eslimaling, pan 226 imple 
meuts channel esumation using the supplied pdol symbols 
rj.(i). r... i(ii, rj.j^^(i) and c^u) and supplies complex cotip- 
gate values t^(i) ot the channel estimation value to the 
channel variation compensation part 216. Note lhat ihe letter 
1 ol the ctimplex conjugate values %Ji) is a natural number, 



us 2004/0071193 Al 



15 



Apr. 15, 2004 



and may vary up lo the number of symbols of a pilot symbol, 
N^. On the other hand, the delay part 2 12 delays the supplied 
information symbols r<i(i) and supplies the information sym- 
boLs r^i(i) to the channel variation compensation part 216 

[0205] The channel variation compcnsalion part 216 com 
petisates for the channel variation bv multiplyiiif; the cone- 
spondiDg position of the supplii-J in o'liaiion •v\mHoh r (i) 
bv the complex conjugate values E,Ji) and supplies the 
compensated mtormation symbols r to the aiherent 
Uue>.uun p»rt 218 m e fieient dUu,t»m } 4it 218 mi].k 
ments absolute coherent detection ot the mtormation sym- 
bols r .j(ii and outputs the data decision resuh. 
[0206] FIG. 22 is a block diagram showing a configura- 
tion ot a sixth embodiment of a channel estimation part ot 
Ihc communication device ol the lirst embodiment. 
[((2071 With the confiawation shown in FIG. 22. when a 
coininmiication is made between a base station and a mobile 
station using a packet wireless access system, a process ot 
csalimatmg channel variation expcnenced by a received 
packet signal, compensating and detect log the channel vana- 
tion IS repeatedly impleinenied through a feedback loop. 

[02081 Iji FIG- 22, the received packet signal is separated 

into pilot symbols (i) and information symbols t^{i) and 
the mtormation symbols r^i) are supplied to the delay parts 
230 and 23S and the pilot syinlxH I'^ii) are supplied to the 
channel va nation estimating part A 232 and the delay part 
240 lilt, LhiiiiiLl viiution cstimaimy part \ 232 and the 
chmnd Mtiiti n tsnmnino pirt R 246 i.nncspond to the 
channel csiimatme pads A 20-1 to 20-3 and the channel 
tsimiatiiit; pitts B 30 1 to 30 ^ res-H-Ltivtlv 
[0209] 'ITie channel variation estimating part A 232 imple- 
ments channel estimation using the su()plied pilot symbol 
r^(i) and supphcs complex conjugalc values 1^ j(0 ot the 
channel estimation value to a channel variation compensa- 
tion part 234. Note that the letter i ol ihe complex conjugate 
values |^(i) IS a natural number, and may vary up to the 
number of symbols of a pilot symbol, Np. Also, methods 
similar to those of various embodiments of the channel 
estimating part described above may be used as a channel 
estimating method using a pilot symbol. 
[02 W] On the other hand, the delay pari 230 delays the 
supplied information .symbols rj,(i) and supplies the infor- 
mation symbols Tj,i) to the channel variation compensation 
part 234. Tlie channel variation compensation part 234 
compensates for ihe channel variation by multiplying Ihe 
corresponding position of the supplied information symbols 
rj(i) by the ctimplex conjugate values |..vd(i) and supijlies 
the compensated information symbols to a coherent 
detection part 236. The coherent detection part 236 imple- 
ments absolute coherent detection of ibe supplied informa- 
tion symbols fji) and outputs the data decision result. 
[0211] The coherent detection part 236 supplies the ten- 
tative data decision information symbol to the modulator 
244. The modulator 244 modulates the supplied information 
symbol r^Ci) again and supplies the complex conjugate 
values xji) of the sequence to the multiplier 242. On Ihe 
other hand, the delay part 238 delays the supplied informa- 
tion symbols rj|(i) and supplies the information symbols tJJ) 
to the multiplier 242. 

[0212] The multiplier 242 multiplies the correspondmg 
position of the supplied infonnation symbol T^(i) by com- 



plex i.onjUL,ate v alues x<j(i) oi Ihe sequence so as to ^enei ite 
An mU rrnaiion s\mbol scqui.ni..t. w.ht.ri,riom the modu 
lalion components are removed. The multiplier 242 supplies 
the generated information symbol sequence Vj(i) to the 
chiinrel v m lation estimating part Tt 246 Also, the deUy i crt 
240 delays the supplied pilot symbol rp(i) and supplies its 
intormalion svmbol ii,(i) to the channel variation compen- 
sation part U 246. 

[02 13 J The channel variation estimation part B 246 imple- 
n (.nis <.h nnJ tstmini) ^^un vsmg, the suppln.d pilot 
svtnhol r.,(i) and the information symbol sequence yji) 
whcrttfoin the modulation components are removed. Com- 
plex couvui»aie values c,jh(i) of the thus-derived channel 
estiiiialKni values aie .supplied to the channel variation 
coTTipensating part 234 again. 

[0214] llie channel variaUon compensating part 234 com- 
punsitLs lor lliL clianiiLl vaiiition I \ inultiplvmg iIil uiirt- 

.spoiidiiig posiaon ol the supplied inlorinaiion symbol r^(ij 
by the complex conjugate values ^^4(1) and supplies the 
compensated mformation symbol r'j(i) to a coherent detec- 
tion part 236. The coherent detection part 236 implements 
absolute coherent detection of the supplied information 
svmbol r'^(i) and outputs the data decision result. 
[0215] Ihe dill deusH n int.irmati.m svmb. 1 may he 
directly output as a detection output or may be fed back to 
the chani»l vanation estimating part B 246 via the modu- 
lator 244 and the multipher 242 again so as to repeat the 
process sequence for n-cycles (n: natural number). 

[0216] J? 10, 23 IS a block diagram showing a configura- 
tion of a seventh embodiment of a channel estimation part of 
the commtmication device ot tlic hrst embodiment In FIG. 
23. elements sunilar to those shown in IIG. 22 are indicated 
with corresponding reference numerals. 
[0217] The conftguration shown in HG. 23 is character- 
ized m thit I v^eiuht generator 248 l> provided bU^veen tht 
modulator 244 and the multiplier 242. The multipkcr 244 
temodulates the supplied information symbol and supplies 
complex conjugate values xJJl) of the sequence to the weight 
generator 24ii. 'ITie weight generator 248 implements 
weighting on the supplied complex conjugate values x^Ci). 
[0218] For example, the weight generator 248 outputs a 
weighting value w^fi) in accordance with the condition 
when the information symbol is received. As an example of 
the weighting value v/J^i) to be outputted, it is possible to use 
a value proportional lo a value of the received signal power 
of the received symbol derived by squaring a value of the 
channel variation compensated received symbol .sequence 
x„(i). 

[0219] A value proportional to the desired signal power 
versus interference power ratio for each received symbol 
may also be used a.s the weighting values Wj(i). In order to 
derive (he desired signal power versus interference power 
ratio, for example, using reception power of the infonnation 
symbol as Ihe desired signal power, a calculation is per- 
formed lo derive a squared value of a difference between the 
channel variation compensated received symbol z^i(i) and a 
squared value of its channel estimation value, and then an 
average value taken over symbols is used as an intcrfcr- 

[0220] Further, by conlrolUng the weighting controller 
248, it is possible to control an amount of the complex 
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conjugate values Xj(i) to tie fed back. For example, the 
intbrmation symbol having a weighting values of "0" will 
not be fed back. It is lo be not«d that other processes are 
similar to the processes of FIG. 22, and therefore will not be 

explained in detail. 

[0221] FIG. 24 is a block diagram showing a configura- 
tion of an eighth embodiment of a channel estimation pan of 
the communication device of the first embodiment. In FIG. 

24, elements similar to those shown in FIG. 22 are indicated 
with corresponding reference numerals and wiU not be 
explained in detail. 

[0222] The configuration of FIG. 24 is characterized in 
thai an error correction decoder and error correction encoder 
250 is provided between the coherent detection part 236 and 
the modulator 244, The error correction decoder and error 
correction encoder 250 oorresponds to the error correction 
decoder 143-1 and the error oorrection encoder 143-2 shown 
in FIG. 1. The coherent detection part 236 implements 
absolute coherent dettxtion. of the supplied information 
symbol r'^(i) and implements tentative data decision of the 
information symbol. 

[0223] The coherent detection part 236 supplies the ten- 
tative data decision information symbol to the error correc- 
tion decoder and error correction, encoder 250. When the 
supplied information symbol is error cotrection coded, the 
error correction decwier and error cx)rreciion encoder 250 
implemenLs error correction decoding and then error correc- 
tion encoding is implemented again. The modulator 244 
modulates the error correction coded information symbol 
again and supplies the conjugate values Xa(i) of the sequence 
to the multiphcr 242. The modulator 244 corresponds to tlic 
reniodnlating part 143 shown in FIG. 1. Other process will 
uol be described here. 

[0224] FIG. 25 if, a block diagram showing a configura- 
tiuu ul a muLh embodimeut ul a channel estiinatiun pari ol 
the communication device of the first cmboduncnt. In FIG. 

25, elements similar to those shown in 1<IGS. 23 and 24 are 
mdicated with correspondmg reference numerals and will 
not be explained in detail. 

10225] ITic contieuration ot HG. 25 ls characterized in 
thai the error correction decoder and error correction 
encoder 250 is provided between the coherent detection part 
236 and the mochilator 244 and the weighting gcneralor 24K 
IS provided between the modulator 244 and the imilliphcr 
2'tt, The weighting generator 248 may use the weighline 
method explained with reference to FIG. 23 or mav use tiic 
relxabilitv ot the received symbol obtained while decoding 
the ctiur torie*.t!ipn tode A'* the rclubil tj. ml jmation,it il 
IS a coDvolutional code, a value oi a palh mctnc cakulaicd 
m a procedure of Viterbi decoding mav be used. Also, an 
operation ot the weij^iting generator 248 and the error 
correction decoder and error correction encoder 250 used m 
the conliguraiion ot HG. 22 will not be explained here, 
sintc an cNplanatnm has iKun inadi. with rekrtnte In FldS 
23 and 24. 

[0226] Also as has been tlescrilted above, j leedi>a(.k patli 
of the i.nfuruiali(..i[i svuniol to llie chaimeJ vanalum estmia- 
tion part B 246 of FIGS. 23 to 25 and a feedback path of the 
information svmbol to the path search parts B 130 of FIGS. 
8 lo 10 may be shared using a c-onflguration such as that 
shown in FIG. 1. 



[0227] Referring now to FIGS. 26 to 29, the channel 
estimation part will be described for a case where a multi- 
carrier transmission system is adopted. 
[1C28] FIG. 26 is a block diagram showing a conflguta- 
tion of a tenth embodiment of a channel estimation part of 
the communication device of the first embodiment. The 
configuration of FIG. 26 is a configuration where the eighth 
embodiment of (he channel estimation part is applied par- 
ticularly in a case where communication is made between a 
base station and a mobile station using a mullicacrier trans- 
noission system transmitting information using a plurality of 
subcairiers. 

[0229] In order to implement coherent detection in a 
multicarricr transmission system, it is necefisary to imple- 
ment channel estimation for each subcarricr. Accordingly, 
the received packet signal is supplied lo a serial-to-parallcl 
converter 260, resolved into components of respective sub- 

carriers and serial -to-parallel converted. Therefore, the 
serial-to-parallel converter 260 resolves the supplied 
received packet signal into sequence for each subcacrier and 
supplies them to the channel estimating part and coherent 
detection parts 262-1 to 262-n of the subcarriers, 
[<G30] Channel estimation may be applied to each 
sequence of the subcarricr in accx)rd,'ince with the configu- 
ration shown in FIG. 27. FIG. 27 is a block diagram 
showing a configuration of a channel estimation part imple- 
mented for each of the subcarrier sequence in the tenth 
embodiment of the cbaonel estimation part. In FIG. 27, 
elements similar to those shown in FIG. 22 arc indicated 
witli corresponding reference numerals and will not be 
e.xplained in detail. 

[0231] Firsdy, the channel variation estimating part A 232 
implements channel cstiiiiatiou usinn pilot symbols. Tiie 
channel estimation method usmg the pilot symbols mav be 
a method adopted m either one ot the hrst to htth embodi- 
ments of the channel estimating p;u-t described above. Next, 
the channel variation compensation part 234 compensates 
for the chatmel variation bv mulliplvmg ihe complex con 
jugate values IajijO) '^'^ '^e derived channel estimation 
value by the correspondmg mtormation svmbols rj, ,,(i). the 
coherent dctcclion part 236 implements an absolute coherent 
detection and tentative data decision is implemented on the 
inrormatiOTi svmhoJs. J he lenLalivc data ekcision mlorma- 
tion symbols are supplied to a parallel-to-serial converter 
264. 

[0232] The parallel -to-.serial converter 264 converts the 
supplied pluralilv ot .sequences ot subcarriers in lo a single 
sequence by parallel-to-senal conversion, and supplies the 
obtained single sequence to an error correction decoder and 
error correction encoder 266. Ihe error correction decoder 
aad error correction encoder 266 perlorms error correction 
dccodnig on Ihe supplied smglc sequence and outputs the 
obtained sequence to the modulator 268. 
[0233] At the modulator 268, the supplied smale sequence 
IS error correction coded agam, modulated, and supplied (o 
a serial-to-parallel converter 270. "llie senal-to-parallel con- 
\erer 270 perfoims seti.d to-paiallel louvcim ui on Ihe 
supplied Single sequence of complex conjugate values 
51- ,(1 1. scparaics the supphcd smglc sequence mlo respective 
sequences ol (he subcamers and feeds back to the chaimel 
eaimatmg pari and coherent detection parts 262-1 to 262-n 
of the subcarriers. 
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[0234] Ilie multipliers 242 of the channel estimaling part 
and a>hefcnt detection parts 262-1 to 262-« of the subcar- 
riers multiply the received symbol by the fed back complex 
conjugate values Xj^ ^(i), so as to generate information sym- 
bols Yi^JJ) whcrefrom the modulation components are 
removed. 

[0235] 'Ilie channel variation estimation part B 246 is 
supplied with the ioformation symbols jj^ii) whepefrom the 
tnodulation components are removed and the pilot symbols, 
and implements channel estimation again. The cbaimel 
variation estimation part D 246 supplies the complex con- 
jugate values lBji.d(') of the thus-derived channel estimation 
values to the channel variation compensating part 234. The 
channel variation compcnsaling part 234 compensates for 
the channel variation by mnUtiplying the information symbol 
t^ ai}) by the complex conjugate values |B.k^(i) ^i^^ ^^^^ 
decision result is obtained by implementing absolute coher- 
ent detection at the coherent detection part 236. 

[0236] TTic data decision information symbol may be 
direcUy outputted as a detection output or may be fed back 
to the channel variation estimating pari B 246 .so as to repeat 
the channel estimation and ahsohite coherent detection pro- 
cess sequence for n-cycks (n: natural niunber). 

[0237] FIG. 28 is a block diagram showing a configuta- 
tion of an eleventh embodiment of a channel estimation part 
of the communication device of the tirst embodiment. Jo 
FIG. 2S. elemenLs .similar to those sliown in FIG. 26 are 
indicated with corresponding reference numerals and will 
not be explained in detail. The configuration of FIG. 28 is 
a configuration where the ninth embodiment of the channel 
estimation part is applied particularly in a case where 
communication is made between a base station and a mobile 
sUUon using a mullica trier transmission system transmilling 
information using a plurality of ^ibcarricrs. 

[023S] In order to implcmeut coherent detection in a 
multicarricr transmission system, it is necessary to imple- 
ment channel estimation for each subcarrier. Accotdinjgly, 
the received packet signal is supplied to a serial-to-paraUel 
converter 260, separated into components of respective 
subcarriets and serial-to-parallel converted, Therefore, the 
scrial-to-parallcl converter 260 separates the supplied 
received packet signal into sequence for each subcarrier and 
supplies them to the channel estimating part and coherent 
detection parts 2(i2-l to 262-n of the subcarriets. 

[0239] ChaDoel estimation may be applied to each 
sequence of subcarrier in accordance with the configuration 
shown in FIG. 29, FIG. 29 is a block diagram showing a 
configuration of a channel estimalion part iniplenieoled for 
each of the subcarrier sequence io the teulb embodiment of 
the channel estimation part. In FIG. 29, elements similar to 
those shown in FIG. 27 are indicated with corresponding 
reference numerals and will not be explained in detail. 

[te-W] Firstly, the channel variation estimating part A 232 
implements channel estimation using pilot symbols. The 
channel estimation method using the pilot symbols may be 
a method adopted in either one of the first to fifth embt»di- 
menls of the channel estimating part described above. Next, 
the channel variation compensation is implemented by mul- 
tiplying the complex conjugate values ^A.^rfCO of the 
derived channel estimation value by the corresponding 
information symbol r]^j{i), an absolute coherent detection is 



perfonned and the information symbols are tentative data 
decision. 'Ilie tentative data decision information symbols 
are supplied to a parallel-lo-seiial converter 264 of EIG. 29. 
[0241] The parallel.to.4ieri«l converter 264 converts the 
supplied plurality of sequences of subcarriers into a single 
sequence by parallel-to-serial conversion, and supplies the 
obtained single sequeiKC to the error correction decoder and 
error correction encoder 266. 'ITie error correction decoder 
and error correclioD encoder 266 performs error correction 
decoding on the supplied single sequence and outputs the 
obtained sequence to the modulator 268. 
[0242] At the modulator 268, the supplied single sequence 
is error correction coded again, modulated, and supplied to 
a weight generates 272. The weight generator 272 may be of 
a configuraliou in which the weighllag processes adopted in 
the seventh to ninth embodiments of the channel estimation 
part is iraplemenled. T^e weight generator 272 supplies the 
weighted single .sequence of complex conjugate values 
x^j(i) to the serial-to-parallel converter 270. 'ITie serial-to- 
parallel converter 270 performs serial-to-parallel conversion 
on the supplied single sequence of complex conjugate values 
^^k.j(i) ^kjd&r separates the supplied single sequence into 
respective sequences of the subcarriers and feeds back lo the 
channel estimaling part and coherent detection parts 262-1 
to 262-n of the subcarriers. 

[0243] The multiphers 242 of the channel estimating part 
and coherent detection parts 262-1 to 262-» of the subcar- 
riers muJliply the received symbol by the fed back complex 
conjugate values Wt,d(i) X],,d(i)> so as to generate an infor- 
mation symbol sequence yw,ri(i) whercfrom the inodulatioii 
components are removed. 

[0244] The channel variation estimation part B 246 is 
supplied with the information symbol sequence yj(i) where- 
lirom the modulation components are removed and the pilot 
symbols, and implements channel estimation again. The 
channel variation estimalion part B 246 sujiplies the com- 
plex conjugate values Is k^Ci) of the thus-derived channel 
estimation values to the channel variation compensating part 
234. The channel variation compensating part 234 compen- 
sates for the channel variation by muhiplying the informa- 
tion symbol r^^/i) by the complex conjugate values |B,k,d(i) 
and the data decision result is obtained by implementing 
ab-solute colierent detection at the coherent detection part 
236. 

[0245] The data decision information symbol may be 
directly output or may be fed back to the channel variation 
estimatmg part B 246 so as to repeat the channel estimation 
and absolute coherent detection process sequence for 
n-cycles (n: natural number). 

[0246] As has been doicribed above, according lo each 
embodiment of the channel estimaling part, since pilot 
Rymbok of a known phase is used for channel estimation, a 
high-accuracy channel estimation is possible irrespective of 
the oontiiniity of the transmission signals. Also, the pilot 
symbol of known phase may be transmitted by being time- 
multiplexed or code-multiplexed on the transmission packet. 
Further, by using the above-described channel estimatbn 
method for a communicatwn device, it is possible to realize 
a communication device capable of implementing a high- 
accuracy channel estimation. 

[0247] In the ilrsl embodiment of the communication 
device, it can be easily understood that any combination of 
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any one of tlie embotlimenl s of the path search part and any 
one of tlie embodiments of the channel estimating part may 
be used, or, either any one of ihe embodiments of path search 
part or any one of the embodiments of the channel eslimal- 

ing part may be used. 

[0248] Also, it can be easily seen thai the use of a pilot 
symbol described with referenc* to FIGS. U to 21 is not 
limited to channel estiinatioE but may is also applicable to 
path search. In other words, al(houg^ a method of multi- 
plesdiig the pilot symbol has been described with reference 
to FIGS. 12, 13, IS, 16, 18 and 19, the pilot symbol 
multiplexed with lie received signal with such multiplexing 
methods may also be itsed for path search methods descrfljcd 
with reference to FIGS. 3 to 10. Therefore, the pilot symbols 
inputted to the channel variation estimating parts 214, 220, 
222, 224, 226 described wilh reference to FIGS. 11. 14, 17, 
20, and 21 may be used for path search as well as for channel 
cistimatioD. 

[0249] Next, a second embodiment of the commumcatioD 
device of the preseni invention will be described. Id the 
second embodiment of the commuuication device, one of 
the methods for using the pilot symbol described with 
reference to FIGS. 11 to 21 is either adopted in the path 
search part or m both channel estimating part and the path 
search part. 

[0250] The second embodiment of the communication 

device also may also provide an effect similar to the first 
embodiment of the above-described communication device. 

[0251] Further, the present invention is not limited to these 
embodiments, and variations and modifications may be 
made without departing from Ihe scope of the present 



1 . A path search meiliod fiar delecting respective limiugs 
of path components included a signal received via a multi- 
path propagation path, said method comprising the steps of: 

a first path search step for detecting respective timings of 
path components using pilot symbols of a known phase 
included in said signal received via the multipalh 
propagation path; and 

a second path search step for detecting respective timings 
of path components using information symbols derived 
from a signal demodulated according to said timings 
detected in the first path search step and siiid pilot 
symbols of a known phase, 

2. The path search method as claimed m claim 1, wherein 
said information symbols derived from the signal demodu- 
lated acscording to Ihe timings detected in the fiist path 
search step are generated by implementing the steps of: 

despreading said signal received via Ihe muldpatb propa- 
gation path according to said timings dctccled in the 
first patli search step; 

cophasiag and summing the informaliou symbols 
despreaded according to said respective path timings in 
a symbol by symbol manner; 

dcmodulatina; and implementing data decision of said 

cophased and summed respective information symbols; 

remoduladng said data decision signal. 



3. The path search method as claimed in claim 2, wlierein 
said information syinbols derived from the signal demodu- 
lated according to the timings detected in the first path 
.search step are .selected and fed back such that information 
symbols satisfying a predetermined condition are selected. 

4. The path search method as claimed in claim 1, wherein 
said second path search step is repealed until a predeter- 
mined condition is satisfied. 

5. The path search methcxl as claimed in claim 1, wherein 
said signal received via the multipath propagation path is 
transmitted in accordance with a multicarrier code division 
multiplex system. 

6. A channel estimation method for estimating channel 
variation using pilot symbols, said method comprising: 

a pilot symbol acquiring step lor acquiring pilot symbols 
of a known phase included in received packets; and 

a channel estimation step for implementing channel esti- 
mation using said acquired pilot symbols. 

7. The channel esdmatiou method as claimed in claim 6, 
wherein said pilot symbols of a known phase are time- 
mukiplexed with the packets. 

8. The channel estimation method as claimed in claim 6, 
wherein said pilot symbols of a known pha.se are code- 
multiplexdd wilh the packets. 

9. The channel estimation method as claimed in claim 1, 
wherein said channel estimation step implements channel 
estimation by combining said pilot symbols of a known 
phase and pilot symbols included in other packets transmit- 
ted from the same transmission source. 

10. A channel estimation method for estimating channel 
variation using pilot symbols, said method comprising: 

a pilot symbol acquiring step for acquiring pilot symbols 
of a known phase included in a common control 
channel in a multiplexed manner; and 

a channel estimation step for implementing channel esti- 
mation using said acquired pilol symbols. 

11. The channel estimation metiiod as claimed in claim 
10, wherein said pilol ,symlx)ls of a known phase are 
dme-mtiltiplexed wilh the common control chaimel. 

12. The channel estimation method as claimed in claim 
10, wherein said pilot symbols of a known phase are 
code -multiplexed with tlie common control channel. 

13. The channel estimation method as claimed in claim 
1 0, wherein said channe] estimation step implements chan- 
nel eslimation by combining said pilot symbols of a known 
phase and pilol symbols included in other packets transmit- 
ted from the same transmission source. 

14. A channel estimation method for estimating channel 
variation using pilot symbols, said method comprising; 

a finst pilot symbol acquiring step for acquiring pilot 
symbols of a known phase included in packets and in 
a common control channel in a multiplexed manner; 

a second pilot symbol acquirirg step tor acquiring pilot 
symbols of a known phase included in said common 
control channel; and 

a channel estimation step for implementing channel esti- 
mation using said acquired pilot symbols. 

15. A channel eslimation method for estimating channel 
variation using pilot symbols, said method comprising: 
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a pilot symbol acquiring step for acquiring pUol symbols 
of a known phase included in a received packet; 

a tentative channel estimallon step tor itnpiementing 
tt;n1rni\t- I'lnnne.l t-.stimtmn using snirl ncquirerl pilot 

symbols; 

a tcniaiive data decisi()n inlormation symbol generating 
.step for coiirpcnsaiirjft for t!ic channel variation in 
accordance with a result of said tentative channel 
estimation and p;cncrating tentative data decision infor- 
mation symbols from ibe compensated information 
symbols; and 

a channel estimation step for generating information 
symbols wberefrom modulation oompoDents are 
removed using said tentative data decision information 
symbols and implcmcnling channel estimation using 
fyiid pilot symbols and information symbols. 

16. The channel estimation method as claimed in claim 
15, wherein said Icntalivc data decision information symbol 
gent-rating step includes a weighting process for weighting 
said tentative data dccLsion information svmlx)ls according 
to the rehability- 

17. 'ITie channel estimation method as claimed in claim 
15, whcteia said tentative data decision information symbol 
generating step includes an error oortectioD process for eiior 
correction decoding said lemative data decision information 
symbols after error correction encoding again. 

18. The channel estimation method as claimed in claim 
17, wherein said tentative data decision information symbol 
generating step includes a weighting process for weighting 
said error correction coded tentative data decision informa- 
tion, symbols according to the reliability. 

19. A channel estimation method for estimating channel 
variation using pilot symbols, said method comprising: 

a subcanrier acquiring step for acquiring a plurality of 
subcarriers included in received packets; 

a pilot symbol acquiring step for acquiring a plurality of 

pilot symbols of a known phase included in said 
plurality of subcarriers, respectively; and 

a channel estimation step for implementing channel esti- 
mation for each of said subcarrieis using said plurality 
of pilot symbols. 

20. Acommimication device comprising: 

path search means for detecting respective timings of path 
components included in a reception signal received via 
a mullipath propagation path using pilot symbols of a 
known phase included in said reception signal; and 

channel estimation means for estimating channel varia- 
tion using said pilot symbols. 

21. The cfininuinication device as claimed in claim 20, 
wherein said path search means includes: 

a first path search part for detecting respective timings of 
path componenls using said pilot symbols; and 

a second path search part for detecting respccti%'e timings 
of path components using an information symbols 
derived from a signal demodulated according to said 
timings detected in the first path search part and said 
pilot symbols. 

22. The communication device as claimed in claim 20 or 
21, wherein said channel estimation means includes: 



a pilot symbol acquiring pan for acquiring pilot symbols 
included in said reception signal: and 

a channel estimation pari for implcmcntios channel esti- 
mation usjng said acqttircd pilot symbols. 

23. The communication device as claimed in claim 22, 
wherein said channel e-slmiation part includes: 

a tentative channel estimation part for implementmg 
tentative dianncl eslimalitui using said acquired pilot 
symbols; 

a tentative data decision information symbol generating 
part for compensating for the channel variation in 
accordance with a result of said tentative channel 
estimation and generating a tentative data decision 
mlbrmation symbols horn the compensated infomia- 

a channel estimation part for generating an information 
symbol whercfrom modulation components are 
removed using said tentative data decision infonnation 
symbols and implementing channel, estimation, using 
said pilot symbols and information symbols. 

24. The communication device as claimed in claim 22, 

wherein said pilot symbol acquiring part includes: 

a subcarrier acquiring part for acquiring a plurality of 
subcarriers included in said reception signal; and 

a pilot symbol acquiring slep for acquiring a plurality 
of pUol symbols of a known phase included in said 
plurality of Kubcarriers, respectively, and, 

wherein said channel estimation part implements channel 
estimation for each of said subcarriers using said plu- 
rality of pilot symhoLs. 

25. A communication device for implementing path 
search for detecting respective timings of path components 
included a signal received via a multipath propagation path, 
said device comprising: 

a first path search pari for detecting respective timings of 
path components usi ng pilot symbols of a known phase 
included in said signal received via the multipath 
propagation path; and 

a second path search part for delecting respective timings 
of path componenls u-sing an information symbols 
derived from a signal demodulated according to said 
timings delected in the first path search step and said 
pilot symbols of a known phase. 

26. A communication device for implementing channel 
estimation for estimating channel variation using pilot sym- 
bols, said device comprising: 

a pilot symbol acquiring part for acquiring pilot symbols 
of a known phase included in received packets; and 

a channel estimation pari for implementing channel esti- 
mation using said acquired pilot symbols. 

27. A oommimication device for implementing channel 
estimation for estimating channel variation using pilot sym- 
boLs, said device comprising: 

a pilot symbol acquiring pari for acquiring pilot symbols 
of a known phase included in a common control 
diannel in a multiplexed manner; and 
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a channel estimation part for implemenling channel esti- 
mation using said acquired pilat symbols. 

28. A communication device for implemenliDg channel 
estimation for estimating channel variation iLsing pilot sym- 
bols, said device comprising: 

a first pilot symbol acquiring part for acquiring pilot 
symbols of a known phase included in packets and in 
a common control channel in a multiplexed manner; 

a second pilot symbol acqtiiring part for acquirlDg pilot 
symbols of a known phase included in said coninion 
control channel; and 

a channel estimation part for implementing channel esti- 
mation using said acquired pilot symbols. 

29. A communication device for implemenling channel 
estimation for estimating channel variatioD using pilot sym- 
bols, said device comprising: 

a pilot symbol acquiring part for acquiring pilot symbols 
of a known phase included in received packets; 

a tentative channel estimattou pact for unpletneattng 
tentative channel estimation using said acquired pilot 

symbols; 

a tentative data, decision Lnformation symhol generating 
part for compensating for the channel variation in 
accordance with a result of said tentative chaimel 
estimation and gienerating a tentative data decision 
iirforniation symbols frotn the oompensated informa- 
tion symbols; and 

a chatinel estimation part for generating information sym- 
bols wherefrom modulation components are removed 
using said tentative data decision information symbols 
and implementing channel estimation using said pilot 
symbols and information symbols. 

30. A communication device for impfcmcaling channel 
esiimatioQ for estimating channel variation using pilot sym- 
bols, said device comprising: 

a subcarrier acquiring part for acquiring a plurality of 
subcarriers included in recei\'ed packets; 

a pilot symbol acquiring pan for acquiring a plurality of 
pilot symbols of known phases included in said plu- 
rality of subcarriers, respectively; and 

a channel estimation part for irtiplementing channel esti- 
mation for each of said subcarriers using said pluralily 
of pilot symbols. 

31. Acoimmmication device comprising: 

path search means for performing a first path search step 
in which respective timings of path components are 
detected using pilot symbols of a known phase included 
in a reception signal received via a multipath propaga- 
tion path; and 

channel estimation means for performing a first cbaimel 
estimation step in which channel estimation is imple- 
mented for estimating channel variation after said first 
path search .step. 



wherein said path search means implements a second path 
search step in which respective timiag;» of path com- 
ponents are detected using information symbols 
derived from a signal demodulated after said fust 
diannel estimation step acoorditig to said timings 
detected in the first path search step and said pilot 
symbols of a known phase, and 

wherein said channel estimation means implements a 
second chamiel estimation step in whidi channel esti- 
mation is implemented for estimating channel variation 
iksing information symbols derived from a signal 
demodulated after said first channel estimation step 
according to said timingji detected in the second path 
search step and said pilot symbols of a known phase, 
and thereafter, recursively implementing path search 
and channel estimation by repeating the processes of 
implementing said second path search step using said 
information symbols demodulated after said second 
channel estimation step and pilot symbols and imple- 
menting said second channel estimation step using 
information symbols fed back in accordance with the 
timing detected in said second path search step and 
pilot symbols. 

32. The communication device as claimed in claitn 31, 
wherein said pilot sytnbols are included in at least one of 
packets and a oommon control channel of said received 

33. The communication device as claimed in claim 32, 
wherein said pilot symbols arc mulliplexcd with al least one 
of said packets and said common control channel. 

34. A communication device comprising path search and 
channel estimation means for implementing at least one of 
path search and channel estimation using pilot symbols of a 
known phase or information symbols included in at least one 
of packets and a common control channel of a received 

35. The communication device as claimed in claim 34, 
wherein said pilot symbols are included in at least one of 
packets and a cfimmon control channel of said received 
signal. 

36. The communication device as claimed in claim 34 or 
35, further comprising feedback means for feeding back said 
information symbol, 

wherein said path search and channel estimation means 
recursively implements path search and channel esti- 
mation by repeating processes of implementing path 
search using infoimation symbols decoded after chan- 
nel estimation and pilot symbols and implementing 
channel estimation using information symbols fed back 
via said feedback means in accordance with a timing 
ctetected in said path search and pilot symbols. 
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EFFECT: reduced time of data retrieval 
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(57) Abstract 

An integrated search processor (128) used in a modem for a spread spectnim communications system buffers receive samples and 
utilizes a time sliced transform processor operating on successive offsets from Hie buffer. Ihe search processor (128) autonomously steps 
through a search as configured by a microprocessor (136) specified search parameter set, which can include the group of antennas (1 12) to 
search over, the starting offset and width of the search window to search over, and the number of Walsh symbols to ^cumulate resists at 
each offset The search processor (1 28) calculates the correlation energy at each offset, and presents a summary report of the best paths found 
in the search to use for demodulation element reassignment Tbis reduces the searching process related workload of the microprocessor 
(136) and also reduces ttic modem costs by allowing a complete channel element modem (110) circuit to be produced in a smgle IC. 
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MULTIPATH SEARCH PROCESSOR FOR A 
SPREAD SPECTRUM MULTIPLE ACCESS 
COMMUNICATION SYSTEM 

5 BACKGROUND OF THE INVENTION 

I. Field of the Invention 

This invention relates generally to spread spectrum communication 
10 systems and, more particularly, to the signal processing in a cellular telephone 
communication system. 

II. Description of the Related Art 

15 In a wireless telephone communication system such as cellular 

telephone systems, personal communications systems and wireless local loop 
system, many users communicate over a wireless channel to connect to 
wireline telephone systems. Communication over the wireless channel can 
be one of a variety of multiple access techniques which facilitate a large 

20 number of users in a limited frequency spectrum. These multiple access 
techniques include time division multiple access (TDMA), frequency division 
multiple access (FDMA), and code division multiple access (CDMA). The 
CDMA technique has many advantages and an exemplary CDMA system is 
described in U.S. Patent No. 4,901,307 issued February 13, 1990 to K. Gilhousen 

25 et al., entitled "SPREAD SPECTRUM MULTIPLE ACCESS 
COMMUNICATION SYSTEM USING SATELLITE OR TERRESTRIAL 
REPEATERS," assigned to the assignee of the present invention and 
incorporated herein by reference. 

In the just mentioned patent, a multiple access technique is disclosed 

30 where a large number of mobile telephone system users, each having a 
transceiver, communicate through satellite repeaters or terrestrial base 
stations using CDMA spread spectnmi communication signals. In using 
CDMA communications, the frequency spectrum can be reused multiple 
times thus permitting an increase in system user capacity. 

35 The CDMA modulation techniques disclosed in U.S. Patent 

No. 4,901,307 offer many advantages over narrow band modulation 
techniques used in communication systems using satellite or terrestrial 
channels. The terrestrial channel poses special problems to any 
communication system particularly with respect to multipath signals. The 

40 use of CDMA techniques permits the special problems of the terrestrial 
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channel to be overcome by mitigating the adverse effect of multipath, e.g. 
fading, while also exploiting the advantages thereof. 

The CDMA techniques as disclosed in U.S. Patent No. 4,901,307 
contemplate the use of coherent modulation and demodulation for both 
5 directions of the link in mobile-satellite communications. Accordingly, 
disclosed therein is the use of a pilot carrier signal as a coherent phase 
reference for the satellite-to-mobile unit link and the base station-to-mobile 
unit link. In the terrestrial cellular environment, however, the severity of 
multipath fading with the resulting phase disruption of the channel, as well 

10 as the power required to transmit a pilot carrier signal from the mobile unit, 
precludes usage of coherent demodulation techniques for the mobile unit-to- 
base station link. U.S. Patent No. 5,103,459 entitled "SYSTEM AND METHOD 
FOR GENERATING SIGNAL WAVEFORMS IN A CDMA CELLULAR 
TELEPHONE SYSTEM", issued June 25, 1990, assigned to the assignee of the 

15 present invention, the disclosure of which is incorporated by this reference, 
provides a means for overcoming the adverse effects of multipath in the 
mobile unit-to-base station link by using noncoherent modulation and 
demodulation techniques. 

In a CDMA cellular telephone system, the same frequency band can be 

20 used for communication in all base stations. At the base station receiver, 
separable multipath, such as a line of site path and another one reflecting off 
of a building, can be diversity combined for enhanced modem performance. 
The CDMA waveform properties that provide processing gain are also used to 
discriminate between signals that occupy the same frequency band. 

25 Furthermore the high speed pseudonoise (PN) modulation allows many 
different propagation paths of the same signal to be separated, provided the 
difference in path delays exceeds the PN chip duration. If a PN chip rate of 
approximately 1 MHz is employed in a CDMA system, the full spread 
spectrum processing gain, equal to the ratio of the spread bandwidth to the 

30 system data rate, can be employed against paths having delays that differ by 
more than one microsecond. A one microsecond path delay differential 
corresponds to differential path distance of approximately 300 meters. The 
urban environment typically provides differential path delays in excess of one 
microsecond. 

35 The multipath properties of the terrestrial channel produce at the 

receiver signals having traveled several distinct propagation paths. One 
characteristic of a multipath channel is the time spread introduced in a 
signal that is transmitted through the channel. For example, if an ideal 
impulse is transmitted over a multipath channel, the received signal 
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appears as a stream of pulses. Another characteristic of the multipath 
channel is that each path through the channel may cause a different 
attenuation factor. For example, if an ideal impulse is transmitted over a 
multipath charmel, each pulse of the received stream of pulses generally has 
5 a different signal strength than other received pulses. Yet another 
characteristic of the multipath channel is that each path through the 
channel may cause a different phase on the signal. For example, if an ideal 
impulse is transmitted over a multipath channel, each pulse of the received 
stream of pulses generally has a different phase than other received pulses. 

10 In the radio channel, the multipath is created by reflection of the 

signal from obstacles in the environment, such as buildings, trees, cars, and 
people. In general the radio channel is a time varying multipath channel 
due to the relative motion of the structures that create the multipath. For 
example, if an ideal impulse is transmitted over the time varying multipath 

15 channel, the received stream of pulses would change in time location, 
attenuation, and phase as a function of the time that the ideal impulse was 
transmitted. 

The multipath characteristic of a channel can result in signal fading. 
Fading is the result of the phasing characteristics of the multipath channel. 

20 A fade occurs when multipath vectors are added destructively, yielding a 
received signal that is smaller than either individual vector. For example if 
a sine wave is transmitted through a multipath channel having two paths 
where the first path has an attenuation factor of X dB, a time delay of 8 with 
a phase shift of 0 radians, and the second path has an attenuation factor of 

25 X dB, a time delay of 6 with a phase shift of 9 + jr radians, no signal would be 
received at the output of the charmel. 

In narrow band modulation systems such as the analog FM 
modulation employed by conventional radio telephone systems, the 
existence of multiple paths in the radio channel results in severe multipath 

30 fading. As noted above with a wideband CDMA, however, the different 
paths may be discriminated in the demodulation process. This 
discrimination not only greatly reduces the severity of multipath fading but 
provides an advantage to the CDMA system. 

Diversity is one approach for mitigating the deleterious effects of 

35 fading. It is therefore desirable that some form of diversity be provided which 
permits a system to reduce fading. Three major types of diversity exist: time 
diversity, frequency diversity, and space/path diversity. 

Time diversity can best be obtained by the use of repetition, time 
interleaving, and error correction and detection coding w^hich introduce 
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redundancy. A system comprising the present invention may employ each of 
these techniques as a form of time diversity, 

CDMA by its inherent wideband nature offers a form of frequency 
diversity by spreading the signal energy over a wide bandwidth. Therefore, 
5 frequency selective fading affects only a small part of the CDMA signal 
bandwidth. 

Space and path diversity are obtained by providing multiple signal 
paths through simultaneous links from a mobile unit through two or more 
base stations and by employing two or more spaced apart antenna elements at 

10 a single base station. Furthermore, path diversity may be obtained by 
exploiting the multipath environment through spread spectrum processing 
by allowing a signal arriving with different propagation delays to be received 
and processed separately as discussed above. Examples of path diversity are 
illustrated in U.S. Patent No. 5,101,501 entitled "SOFT HANE>OFF IN A 

15 CDMA CELLULAR TELEPHONE SYSTEM", issued March 21, 1992 and U.S. 
Patent No. 5,109,390 entitled "DIVERSITY RECEIVER IN A CDMA 
CELLULAR TELEPHONE SYSTEM", issued April 28, 1992, both assigned to 
the assignee of the present invention. 

The deleterious effects of fading can be further controlled to a certain 

20 extent in a CDMA system by controlling transmitter power. A system for base 
station and mobile unit power control is disclosed in U.S. Patent No. 5,056,109 
entitled "METHOD AND APPARATUS FOR CONTROLLING 
TRANSMISSION POWER IN A CDMA CELLULAR MOBILE TELEPHONE 
SYSTEM", issued October 8, 1991, also assigned to the assignee of the present 

25 invention. 

The CDMA techniques as disclosed in the U.S. Patent No. 4,901,307 
contemplate the use of relatively long PN sequences with each mobile unit 
user being assigned a different PN sequence. The cross-correlation between 
different PN sequences and the autocorrelation of a PN sequence, for all time 

30 shifts other than zero, both have a nearly zero average value which allows 
the different user signals to be discriminated upon reception. 
{Autocorrelation and cross-correlation requires logical "0" take on a value of 
"1' and logical "1" take on a value of "-1" or a similar mapping in order that a 
zero average value be obtained.) 

35 However, such PN signals are not orthogonal. Although the cross- 

correlation essentially averages to zero over the entire sequence length, for a 
short time interval, such as an information bit time, the cross-correlation is a 
random variable with a binomial distribution. As such, the signals interfere 
with each other in much the same as they would if they were wide bandwidth 
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Gaussian noise at the same power spectral density. Thus the other user 
signals, or mutual interference noise, ultimately limitf the achievable 
capacity. 

It is well known in the art that a set of n orthogonal binary sequences, 
each of length n, for n any power of 2 can be constructed, see Di gital 
Communica tions with Space Applications. S.W. Golomb et al, Prentice-Hall, 
Inc., 1964, pp. 45-64. In fact, orthogonal binary sequence sets are also known 
for most lengths which are multiples of four and less than two hundred. One 
class of such sequences that is easy to generate is called the Walsh function, 
also known as Hadamard matrices. 

A Walsh function of order n can be defined recursively as follows: 



W(n) = 



W(n/2) , W(n/2) 
W(n/2) , W'{n/2) 



where W denotes the logical complement of W, and W(l) = j 0 | . 
Thus, 



W{2) = 



0, 0 
0, 1 



W(4) = 



0, 0, 0, 0 

0, 1, 0, 1 

0, 0, 1, 1 

0, 1, 1, 0 



W(8) = 



0, 0, 0, 0, 0, 0, 0, 0 

a 1, 0, 1, 0, 1, 0, 1 

0, 0, 1, 1, 0, 0, 1, 1 

0, 1, 1, 0, 0, 1, 1, 0 

0, 0, 0, 0, 1, 1, 1, 1 

0, 1, 0, 1, 1, 0, 1, 0 

0, 0, 1, 1, 1, 1, 0, 0 

0, 1, 1, 0, 1, 0, 0, 1 



A Walsh symbol, sequence or code is one of the rows of a Walsh 
function matrix. A Walsh function matrix of order n contains n sequences, 
each of length n Walsh chips. Each Walsh code has a corresponding Walsh 
40 index where the Walsh index refers to the number (1 though n) 
corresponding to the row in which a Walsh code is found. For example, for 
n=8 Walsh function matrix given above, the all zeros row corresponds to 
Walsh index 1 and the Walsh code 0, 0, 0, 0, 1, 1, 1, 1 corresponds to Walsh 
index 5. 
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A Walsh function matrix of order n (as well as other orthogonal 
functions of length n) has the property that over the interval of n bits, the 
cross-correlation between all the different sequences within the set is zero. 
This can be seen by noting that every sequence differs from every other 
5 sequence in exactly half of its bits. It should also be noted that there is always 
one sequence containing all zeroes and that all the other sequences contain 
half ones and half zeroes. The Walsh symbol which consists all logical zeros 
instead of half one's and zero's is called the Walsh zero symbol. 

On the reverse link channel from the mobile unit to the base station, 

10 no pilot signal exists to provide a phase reference. Therefore a method is 
needed to provide a high-quality link on a fading channel having a low 
Eb/No (energy per bit/noise power density). Walsh function modulation on 
the reverse link is a simple method of obtaining 64-ary modulation with 
coherence over the set of six code symbols mapped into the 64 Walsh codes. 

15 The characteristics of the terrestrial channel are such that the rate of change of 
phase is relatively slow. Therefore, by selecting a Walsh code duration which 
is short compared to the rate of change of phase on the channel, coherent 
demodulation over the length of one Walsh code is possible. 

On the reverse link channel, the Walsh code is determined by the 

20 information being transmitted from the mobile unit. For example a three bit 
information symbol could be mapped into the eight sequences of W(8) given 
above. An "unmapping " of the Walsh encoded symbols into an estimate of 
the original information symbols may be accomplished in the receiver by a 
Fast Hadamard Transform (FHT). A preferred "unmapping" or selection 

25 process produces soft decision data which can be provided to a decoder for 
maximum likelihood decoding. 

An FHT is used to perform the "unmapping" process. An FHT 
correlates of the received sequence with each of the possible Walsh sequences. 
Selection circuitry is employed to select the most likely correlation value, 

30 which is scaled and provided as soft decision data. 

A spread spectrum receiver of the diversity or "rake" receiver design 
comprises multiple data receivers to mitigate the effects of fading. Typically 
each data receiver is assigned to demodulate a signal which has traveled a 
different path, either through the use of multiple antennas or due to the 

35 multipath properties of the channel. In the demodulation of signals 
modulated according to an orthogonal signaling scheme, each data receiver 
correlates the received signal with each of the possible mapping values using 
an FHT. The FHT outputs of each data receiver are combined and selection 
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circuitry then selects the most likely correlation value based on the largest 
combined FHT output to produce a demodulated soft decision symbol. 

In the system described in the above-referenced U.S. Patent 
No. 5,103,459, the call signal begins as a 9600 bit per second information source 
5 which is then converted by a rate 1/3 forward error correction encoder to a 
28,800 symbols per second output stream. These symbols are grouped 6 at 
a time to form 4800 Walsh symbols per second, each Walsh symbol selecting 
one of sixty-four orthogonal Walsh functions that are sixty-four Walsh chips 
in duration. The Walsh chips are modulated with a user-specific FN 

10 sequence generator. The user-specific FN modulated data is then split into 
two signals, one of which is modulated with an in-phase (I) channel FN 
sequence and one of which is modulated with a quadrature-phase (Q) channel 
PN sequence. Both the I channel modulation and the Q channel modulation 
provide four PN chips per Walsh chip with a 1.2288 MHz PN spreading rate. 

15 The 1 and the Q modulated data are Offset Quadrature Phase Shift Keying 
(OQPSK) combined for transmission. 

In the CDMA cellular system described in the above-referenced U.S. 
Patent No. 4,901,307, each base station provides coverage to a limited 
geographic area and links the mobile units in its coverage area through a 

20 cellular system switch to the public switched telephone network (PSTN). 
When a mobile imit moves to the coverage area of a new base station, the 
routing of that user's call is transferred to the new base station. The base 
station-to-mobile unit signal transmission path is referred to as the forward 
link and, as noted above, the mobile unit-to-base station signal transmission 

25 path is referred to as the reverse link. 

As described above, the PN chip interval defines the minimum 
separation two paths must have in order to be combined. Before the distinct 
paths can be demodulated, the relative arrival times (or offsets) of the paths in 
the received signal must first be determined. The channel element modem 

30 performs this fimction by "searching" through a sequence of potential path 
offsets and measuring the energy received at each potential path offset. If the 
energy associated with a potential offset exceeds a certain threshold, a signal 
demodulation element may be assigned to that offset. The signal present at 
that path offset can then be combined with the contributions of other 

35 demodulation elements at their respective offsets. A method and apparatus 
of demodulation element assignment based on searcher demodulation 
element energy levels is disclosed in co-pending U.S. Patent Application 
Serial No. 08/144,902 entitled "DEMODULATION ELEMENT ASSIGNMENT 
IN A SYSTEM CAPABLE OF RECEIVING MULTIPLE SIGNALS," filed 
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October 28, 1993, assigned to the assignee of the present invention. Such a 
diversity or rake receiver provides for a robust digital link, because all paths 
have to fade together before the combined signal is degraded. 

Figure 1 shows an exemplary set of signals from a single mobile unit 
5 arriving at the base station. The vertical axis represents the power received in 
decibels (dB). The horizontal axis represents the delay in the arrival time of a 
signal due to multipath delays. The axis (not shown) going into the page 
represents a segment of time. Each signal spike in the common plane of the 
page has arrived at a common time but has been transmitted by the mobile 

10 station at a different time. In a common plane, peaks to the right were 
transmitted at an earlier time by the remote unit than peaks to the left. For 
example, the left-most peak spike 2 corresponds to the most recently 
transmitted signal. Each signal spike 2-7 has traveled a different path and 
therefore exhibits a different time delay and a different amplitude response. 

15 The six different signal spikes represented by spikes 2-7 are representative of a 
severe multipath environment. Typical urban environments produces fewer 
usable paths. The noise floor of the system is represented by the peaks and 
dips having lower energy levels. The task of a searcher element is to identify 
in the delay as measured by the horizontal axis of signal spikes 2 - 7 for 

20 potential demodulation element assignment. The task of the demodulation 
elements is to demodulate a set of the multipath peaks for combination into a 
single output. It is also the task of the demodulation elements once assigned 
to a multipath peak to track that peak as it may move in time. 

The horizontal axis can also be thought of as having units of FN offset. 

25 At any given time, the base station receives a variety of signals from a single 
mobile unit, each of which has traveled a different path and may have a 
different delay than the others. The mobile unit's signal is modulated by a 
FN sequence. A copy of the FN sequence is also generated at the base station. 
At the base station, each multipath signal is individually demodulated with a 

30 FN sequence code aligned to its timing. The horizontal axis coordinates can 
be thought of as corresponding to the FN sequence code offset which would be 
used to demodulate a signal at that coordinate. 

Note that each of the multipath peaks varies in ampUtude as a function 
of time as shown by the uneven ridge of each multipath peak. In the limited 

35 time shown, there are no major changes in the multipath peaks. Oyer a more 
extended time range, multipath peaks disappear and new paths are created as 
time progresses. The peaks can also slide to earlier or later offsets as the path 
distance change as the remote unit moves around in the coverage area of the 
base station. Each demodulation element tracks small variations in the signal 
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assigned to it. The task of the searching process is to generate a log of the 
current multipath environment as received by the base station. 

In a typical wireless telephone communication system, the mobile 
unit transmitter may employ a vocoding system which encodes voice 
5 information in a variable rate format. For example, the data rate may be 
lowered due to pauses in the voice activity. The lower data rate reduces the 
level of interference to other users caused by the mobile unit transmitter. At 
the receiver, or otherwise associated with the receiver, a vocoding system is 
employed for reconstructing the voice information. In addition to voice 

10 information, non-voice information alone or a mixture of the two may be 
transmitted by the mobile unit. 

A vocoder which is suited for application in this environment is 
described in copending U.S. patent application Ser. No. 07/713,661, entitled 
"VARIABLE RATE VOCODER," filed June 11, 1991 and assigned to the 

15 assignee of the present invention. This vocoder produces from digital 
samples of the voice information encoded data at four different rates, e.g. 
approximately 8,000 bits per second (bps), 4,000 bps, 2,000 bps and 1,000 bps, 
based on voice activity during a 20 millisecond (ms) frame. Each frame of 
vocoder data is formatted with overhead bits as 9,600 bps, 4,800 bps, 2,400 bps, 

20 and 1,200 bps data frames. The highest rate data frame which corresponds to 
a 9,600 bps frame is referred to as a "full rate" frame; a 4,800 bps data frame is 
referred to as a "half rate" frame; a 2,400 bps data frame is referred to as a 
"quarter rate" frame; and a 1,200 bps data frame is referred to as an "eighth 
rate" frame. In neither the encoding process nor the frame formatting 

25 process is ratg information included in the data. When the mobile unit 
transmits data at less than full rate, the duty cycle of the mobile units 
transmitted signal is the same as the data rate. For example, at quarter rate a 
signal is transmitted from the mobile unit only one quarter of the time. 
During the other three quarters time, no signal is transmitted from the 

30 mobile unit. The mobile unit includes a data burst randomizer. Given the 
data rate of the signal to be transmitted, the data burst randomizer 
determines during which time slots the mobile unit transmits and during 
which time slots it does not. Further details on the data burst randomizer 
are described in copending U.S. patent application Serial No. 07/846,312, 

35 entitled "DATA BURST ElANDOMIZER," filed March 5, 1992, and assigned 
to the assignee of the present invention. 

At the base station, each individual remote unit signal must be 
identified from the ensemble of call signals received to be demodulated back 
into the original call signal of the mobile unit. A system and method for 
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demodulating a mobile imit signal received at a base station is described, for 
example, in U.S. Patent No. 5,103,459 . Figure 2 is a block diagram of the base 
station equipment described in U.S. Patent No. 5,103,459 for demodulating a 
reverse link mobile unit signal. 
5 A typical prior art base station comprises multiple independent 

searcher and demodulation elements. The searcher and demodulation 
elements are controlled by a controller. In this exemplary embodiment, to 
maintain a high system capacity, each mobile station in the system does not 
continually transmit a pilot signal. The lack of a pilot signal on the reverse 

10 link increases the time needed to conduct a survey of all possible time offsets 
at which a mobile station signal may be received. Typically, a pilot signal is 
transmitted at a higher power than the traffic bearing signals thus increasing 
the signal to noise ratio of the received pilot signal as compared to the 
received traffic channel signals. In contrast, ideally each mobile unit 

15 transmits a reverse link signal which arrives with a signal level equal to the 
power level received from every other mobile uiut therefore having a low 
signal to noise ratio. Also, a pilot channel transmits a known sequence of 
data. Without the pilot signal, the searching process must examine all 
possibilities of what data may have been transmitted. 

20 For the system of Figure 2, each searcher contains one FHT processor 

capable of performing one FHT transform during a time period equal to the 
period of a Walsh symbol. The FHT processor is slaved to "real time" in the 
sense that every Walsh symbol interval one value is input and one value is 
output from the FHT. Therefore, to provide a rapid searching process, more 

25 than one searcher element must be used. The searcher elements continually 
scan in search of a particular mobile station's information signal as controlled 
by system controller. The searcher elements scan a set of time offsets around 
the nominal arrival of the signal in search of multipath signals that have 
developed. Each of searcher elements supplies back to the controller the 

30 results of the search it performs. The controller tabulates these results for use 
in the assignment of the demodulation elements to the incoming signals. 

Figure 2 shows an exemplary embodiment of a prior art base station. 
The base station of Figure 2 has one or more antennas 12 receiving CDMA 
reverse link mobile unit signals 14. Typically, an urban base station's 

35 coverage area is split into three sub-regions called sectors. With two anteniws 
per sector, a typical base station has a total of six receive antennas. The 
received signals are down-converted to baseband by an aiuilog receiver 16 that 
quantizes the received signal I and Q channels and sends these digital values 
over signal lines 18 to channel element modems 20. Each channel element 
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modem supports a single user. The modem contains multip^ digital data 
receivers, or demodulation elements, 22, 24 and multiple searcher 
receivers 26. Microprocessor 34 controls the operation of demodulation 
elements 22 and 24, and searchers 26. The user PN code in each demodulation 
5 element and searcher is set to that of the mobile unit assigned to that chaimel 
element. Microprocessor 34 steps searchers 26 through a set of offsets, called a 
search window, that is likely to contain multipath signal peak suitable for 
demodulation elements assignment. For each offset, searcher 26 reports the 
energy it found at that offset back to microprocessor 34. Demodulation 

10 elements 22 and 24 are then assigned by microprocessor 34 to the paths 
identified by searcher 26 (i.e. the timing reference of their PN generators is 
moved to align it to that of the found path). Once a demodulation element 
has locked onto the signal at its assigned offset, it then tracks that path on its 
own without microprocessor supervision, until the path fades away or until 

15 the demodulation element is assigned to a better path by the microprocessor. 

In Figure 2, the internal structure of only one demodulation element 
22 is shown, but should be understood to apply to demodulation element 24 
and searchers 26 as well. Each demodulation element 22, 24 or searcher 26 of 
the channel element modem has a corresponding I PN and Q PN sequence 

20 generator 36, 38 and the user-specific PN sequence generator 40 that is used to 
select a particular mobile unit. User-specific PN sequence output 40 is XOR'd 
by XOR gates 42 and 44 with the output of 1 PN and Q PN sequence 
generators 36 and 38 to produce PN-F and PN-Q' sequences that are provided 
to despreader 46. The timing reference of PN generators 36, 38, 40 is adjusted 

25 to the offset of the assigned signal, so that despreader 46 correlates the 
received I and Q channel antenna samples with the PN-I' and PN-Q' sequence 
consistent with the assigned signal offset. Four of the despreader outputs, 
corresponding to the four PN chips per Walsh chip, are summed to form a 
single Walsh chip by accumulators 48, 50. The accumulated Walsh chip is 

30 then input into Fast Hadamard Transform (FHT) processor 52. FHT 
processor 52 correlates a set of sixty-four received Walsh chips with each of 
the sixty-four possible transmitted Walsh functions and outputs a sixty-four 
entry matrix of soft decision data. FHT output of FHT processor 52 for each 
demodulation element is then combined with those of other demodulation 

35 elements by combiner 28. The output of combiner 28 is a "soft decision" 
demodulated symbol. Soft decision data is the chosen demodulated symbol 
weighted by the confidence that it correctly identifies the originally 
transmitted Walsh symbol. The soft decision is then passed to forward error 
correction decoder 29 for further processing to recover the original call signal. 
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This call signal is then sent through digital link 30 that routes the call to 
public switched telephone network (PSTN) 32. 

Like each demodulation element 22, 24, each searcher 26 contains a 
complete demodulation data path. Searcher 26 only differs from 
5 demodulation element 22 in how its output is used and in that it does not 
provide time tracking. For each offset processed, each searcher 26 finds the 
correlation energy at that offset by despreading the antenna samples, 
accumulating them into Walsh chips that are input to the FHT transform, 
performing the FHT transform and summing the maximum FHT output 

10 energy for each of the Walsh sjTnbols for which the searcher dwells at an 
offset. The final sum is reported back to microprocessor 34. Generally each 
searcher 26 is stepped through the search window with the others as a group 
by microprocessor 34, each separated from its neighbor by half of a PN chip. In 
this way enough correlation energy exists at each maximum possible offset 

15 error of a quarter chip to ensure that a path is not missed by chance just 
because the searcher did not correlate with the exact offset of the path. After 
sequencing searchers 26 through the search window, microprocessor 34 
evaluates the results reported back, looking for strong paths for demodulation 
elements assignment as described in above mentioned co-pending U.S. Patent 

20 Application Serial No. 08/144,902, 

The multipath environment is constantly changing as the mobile unit 
moves about in the base station coverage area. The number of searches that 
must be performed is set by the need to find multipath quickly enough so that 
the path may be put to good use by the demodulation elements. On the other 

25 hand, the number of demodulation elements required is a function of the 
mmiber of paths generally found to be usable at any point in time. To meet 
these needs, the Figure 2 system has two searchers 26 and one demodulation 
element 24 for each of four demodulator integrated circuits (IC's) used, for a 
total of four demodulation elements and eight searchers per charmel element 

30 modem. Each of these twelve processing elements contains a complete 
demodulation data path, including the FHT processor which takes a relatively 
large, costly amount of area to implement on an integrated circuit. In 
addition to the four demodulator IC's the channel element modem also has a 
modulator IC and a forward error correction decoder IC for a total of 6 IC 

35 chips. A powerful and expensive microprocessor is needed to manage and 
coordinate the demodulation elements and the searchers. As implemented 
in the modem of Figure 2, these circuits were completely independent and 
require the close guidance of microprocessor 34 to sequence through the 
correct offsets, and handle the FHT outputs. Every Walsh symbol 
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microprocessor 34 receives an interrupt to process the FHT outputs. This 
interrupt rate alone necessitates a high powered microprocessor. 

It would be advantageous if the six IC's required for a modem could be 
reduced to a single IC needing less microprocessor support, thereby reducing 
5 the direct IC cost and board-level production cost of the modem, and allowing 
migration to a lower cost microprocessor (or alternately a single high powered 
microprocessor supporting several channel element modems at once). Just 
relying on shrinking feature sizes of the IC fabrication process and placing the 
six chips together on a single die is not enough; the fundamental architecture 
10 of the demodulator needs to be redesigned for an truly cost effective single 
chip modem. From the discussion above, it should be apparent that there is a 
need for a signal receiving and processing apparatus that can demodulate a 
spread spectrum call signal in a lower cost, and more architecturally efficient 
manner. 

15 The present invention is a single, integrated search processor that can 

quickly evaluate large numbers of offsets that potentially contain multipath of 
a received call signal. For the system of Figure 2, each searcher contains one 
FHT processor capable of performing one FHT transform per Walsh symbol. 
To obtain extra searcher processing power in the Figure 2 approach, additional 

20 discrete searcher elements must added, each with its own FHT processor. A 
fundamental aspect of the invention is to decouple the sequencing of the FHT 
processor from real time, and instead to use a single time sliced FHT processor 
shared between the demodulation and the searching processes. To take full 
advantage of the rapid FHT processing requires that the FHT processor be 

25 supplied with a rapid stream of data. The present invention incorporates an 
efficient mecharusm of supplying data to the FHT processor. 

SUMMARY OF THE INVENTION 

30 In accordance with the invention, a signal demodulator for a spread 

spectrum communication system uses a single, integrated search processor to 
quickly evaluate large numbers of offsets that potentially contain multipath of 
a received call signal. After completing an assigned search, the integrated 
search processor presents a summary of the best candidate paths for 

35 assignment of the demodulation elements. 

Operation of the integrated search processor is based on a 
demodulation of the Walsh encoded antenna samples using a Fast Hadamard 
Transform (FHT) processor engine. The FHT processor engine can operate at 
many times the real time rate at which the data is received. For example in 

40 the preferred embodiment, the FHT processor engine can produce 32 Walsh 
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symbol correlation results in the time that the system receives one Walsh 
symbol worth of data. 

To take advantage of the fast FHT processor engine, a system is needed 
to supply the FHT processor engine with data at a correspondingly high rate. 
5 In the preferred embodiment, the antenna samples are spread spectrum 
modulated and must be despread before being passed to the FHT processor 
engine. 

Two buffers are needed to supply the despreader with input: a first 
buffer is needed to store the antenna data samples and a second buffer is 

10 needed to store PN sequence samples. Because there are more bits of data 
associated with the antenna samples than with the PN sequence, it is 
advantageous to limit the number of the antenna data samples that needs to 
be stored even if it means extending the number of the PN sequence data 
which must be stored. The antenna sample buffer in the preferred 

15 embodiment can store two Walsh symbols worth of data. It is written to and 
read from in a circular manner. The PN sequence buffer contains four Walsh 
symbols worth of data in the preferred embodiment. 

To facilitate the circular manner of operation of the antenna sample 
buffer, the operation of the integrated search processor is broken down into 

20 groups of discrete searches. Each group of discrete searches is called a search 
rake. Each discrete search is called a rake element. Each rake element 
corresponds to one Walsh symbol worth of data and one FHT processor 
engine transform operation. The circular buffer operates such that each 
successive rake element in a search rake is offset from the preceding rake 

25 element by one half of a PN sequence chip and by one half offset in time. In 
this configuration, each rake element in a common search rake is correlated 
with the same PN sequence. 

Groups of search rakes can be specified in a search windows. Groups of 
search windows can be specified as antenna search sets. An antenna search 

30 sets can be specified by a microprocessor by designating a few parameters. The 
integrated search processor then performs the designated searches and 
supplies the results back to the microprocessor with no further input from the 
microprocessor. In this manner the integrated search processor performs a 
plurality of searches quickly with minimum amount of processor interaction, 

BRIEF DESCRIPTION OF THE DRAWINGS 



The features, objects, and advantages of the present invention will 
become more apparent from the detailed description set forth below when 
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taken in conjunction with the drawings in which Uke reference characters 
identify correspondingly throughout and wherein: 

Figure 1 represents an exemplary severe multipath signal condition; 

Figure 2 is a block diagram of a prior art communications network 
5 demodulation system; 

Figure 3 represents an exemplary CDMA telecommunications system 
constructed in accordance with the present invention; 

Figure 4 is a block diagram of a channel element modem constructed in 
accordance with the present invention; 
10 Figure 5 is a block diagram of the search processor; 

Figure 6 illustrates the circular nature of the antenna sample buffer 
using a first offset; 

Figure 7 illustrates the circular nature of the antenna sample buffer for 
a second accumulation at the first offset of Figure 6; 
15 Figure 8 illustrates the circular nature of the antenna sample buffer for 

a second offset; 

Figure 9 is a graph showing how the searcher processes the receiver 
input as a function of time; 

Figure 10 is a block diagram of the searcher front end; 
20 Figure 11 is a block diagram of the searcher despreader; 

Figure 12 is a block diagram of the searcher result processor; 

Figure 13 is a block diagram of the searcher sequencing control logic; 

Figure 14 is a timing diagram showing the processing sequence depicted 
in Figure 5, showing the corresponding states of certain control logic elements 
25 presented in Figure 13; and 

Figure 15 is an alternative block diagram of the search processor. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

30 The present invention can be implemented in a wide variety of data 

transmission applications and in the preferred embodiment illustrated in 
Figure 2 is implemented within a system 100 for voice and data transmission 
in which a system controller and switch, also referred to as mobile telephone 
switching office (MTSO) 102, performs interface and control functions to 

35 permit calls between mobile units 104 and base stations 106. MTSO 102 also 
controls the routing of calls between public switched telephone network 
(PSTN) 108 and the base stations 106 for transmission to and from the mobile 
units 104. 

Figure 4 illustrates channel element modem 110 and other elements of 
40 the base station infrastructure operating in accordance with the CDMA 



